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Federal Forecasters Conference 
(FFC/2000) 
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September 14, 2000 
in 
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More information will be available in the coming months. 
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Foreword 



In the tradition of past meetings of federal forecasters, the 10th Federal Forecasters Conference (FFC/99) held on 
June 24, 1999, in Washington, DC, provided a forum where forecasters from different federal agencies and other 
organizations could meet and discuss various aspects of forecasting in the United States. The theme was 
"Forecasting In the New Millennium." 

One hundred and seventy-seven forecasters attended the day-long conference. The program included opening 
remarks by Debra E. Gerald and welcoming remarks from Neal Rosenthal, Associate Commissioner of the Office of 
Employment Projections, Bureau of Labor Statistics. Professor J. Scott Armstrong of the Wharton School, 
University of Pennsylvania delivered the keynote address. The address was followed by a panel presentation given 
by Anne B. W. Effland, historian/social science analyst, of the Economic Research Service, U.S. Department of 
Agriculture, Calvin Beads, Jr., computer specialist, of the U.S. Department of Veterans Affairs, and Robert W. 
Tinney , economist, of the Office of the Secretary of Defense, Department of Defense. Stuart Bernstein of the 
Bureau of Health Professions and Stephen A. MacDonald of the Economic Research Service presented awards from 
the 1999 Federal Forecasters Forecasting Contest. Jeffrey Osmint of the U.S. Geological Survey presented awards 
for Best Papers from FFC/97. 

In the afternoon, ten concurrent sessions in two time slots were held featuring three panels and 20 papers presented 
by forecasters from the Federal Government, private sector, and academia. A variety of papers were presented 
dealing with topics related to agriculture, budget, the economy, health, labor, population, and forecasting techniques. 
These papers are included in these proceedings. Another product of the FFC/99 is the Federal Forecasters 
Directory 1999. 

In addition, selected papers from federal presenters at the 19th International Symposium on Forecasting (ISF ’99), 
held in Washington, DC from June 27-30, 1999, are also included in these proceedings. This symposium was 
sponsored by the International Institute of Forecasters under the direction of Peg Young, general chairperson, and 
Karen S. Hamrick, program chair. 
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Anne B. W. Effland looks back at forecasting at BSBA. 
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Robert W. Tinney reflects on the recruiting efforts at the Department of Defense. 
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Message from the Chairpersons 



Debra E. Gerald 

National Center for Education Statistics 
U.S. Department of Education 



The Federal Forecasters Conference is a collaborative effort of forecasters from various federal agencies in the 
United States Government. The conference provides a forum in which forecasters from many disciplines can share 
information on data issues, forecasting techniques, and forecast evaluation. 

This year, the Federal Forecasters Conference celebrated its 10 th anniversary meeting. The first conference was held 
in 1988. At that conference, 50 federal forecasters from 20 different agencies attended the day-long event. Over 
the years, the conference has grown in the number of attendees and agency participation. We are very thankful to 
you for having supported the conference over the years. Many of you have returned year after year. This year, 
more than 220 individuals from 60 public and private organizations registered for the conference. This growth is 
due to the efforts of the organizing committees and the support of their sponsoring agencies. 

The members of the organizing committee for the 10 th Federal Forecasters Conference are Stuart Bernstein, Bureau 
of Health Professions; Howard N Fullerton, Jr., Bureau of Labor Statistics; Karen S. Hamrick, Economic Research 
Service; Stephen A. MacDonald, Economic Research Service; Tammany J. Mulder, Bureau of the Census; Jeffrey 
Osmint, U.S. Geological Survey; Norman C. Saunders, Bureau of Labor Statistics; Kathleen Sorensen, Department 
of Veterans Affairs; Clifford Woodruff III, Bureau of Economic Analysis; and Peg Young, Immigration and 
Naturalization Service. 

In addition to serving on the organizing committee of the this year’s conference, three of the committee members 
made up the organizing committee for the International Symposium on Forecasting which was held from June 27- 
30, 1999 in Washington, DC. Peg Young served as general chairperson. As program chair, Karen S. Hamrick 
organized the sessions. Stephen A. MacDonald was publicity chairperson. 

We are especially pleased to have J. Scott Armstrong from The Wharton School, University of Pennsylvania as our 
keynote speaker for the 10 th anniversary meeting of the Federal Forecasters Conference. Professor Armstrong also 
has the distinction of being the feature presenter at the first Federal Forecasters Conference in 1988. He has a long 
and distinguished career in forecasting and concentrates in the area of forecasting methods. 

We are also indebted to those who provided support for the conferences during the early and mid-1990s. In the 
conference issue of The Federal Forecasters newsletter are listed the past cosponsoring agencies and past 
organizing committee members. Excerpts from the newsletter follow and recognize those individuals and 
organizations for their contributions to past Federal Forecasters Conferences. Their collaborative efforts have made 
The Federal Forecasters Conference a resounding success over the years. 

The National Center for Education Statistics sponsored the first two conferences (1988 and 1989). With support 
from other agencies, lead agencies that organized the early meetings were Economic Research Service (1990), 
Bureau of Labor Statistics (1991), Bureau of Economic Analysis (1992), and Energy Information Administration 
(1993 and 1994). In lieu of a conference, a Federal Forecasters Directory was published in 1995. 

The 1996 and 1997 conferences were organized through a joint effort of cosponsoring agencies. In lieu of a 
conference in 1998, a Federal Forecasters Directory was published. 
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Founding and Cosponsoring Agencies 



We are profoundly indebted to the founding agencies which have served as the initial sponsors of the Federal 
Forecasters Conference and sustained by the core of nine cosponsoring agencies whose dedicated members of the 
organizing committee continue to support and maintain a network for federal forecasters across a variety of 
disciplines. 



Currently, there are nine federal agencies: 

Bureau of the Census, U.S. Department of Commerce 

Bureau of Economic Analysis (BEA), U.S. Department of Commerce 

Bureau of Health Professions (BPHr), U.S. Department of Health and Human Services 

Bureau of Labor Statistics (BLS), U.S. Department of Labor 

Department of Veterans Affairs ( VA) 

Economic Research Service (ERS), U.S. Department of Agriculture 
Immigration and Naturalization Service (INS), Department of Justice 
National Center for Education Statistics (NCES), U.S. Department of Education 
U.S. Geological Survey (USGS), Department of the Interior 

Past cosponsoring agencies have been: 

Central Intelligence Agency (CIA) 

Energy Information Administration, U.S. Department of Energy 
Environmental Protection Agency (EPA) 

Health Care Financing Administration (HCFA) 

(former) Bureau of the Mines 

(former) Office of Technology Assessment 



People 

The continued success of the Federal Forecasters Conference would not be possible without the dedication and 
unwavering commitment of current and past members of the organizing committee. 

The current team members are: 

Debra E. Gerald, NCES (1988, 1989 cochair, 1990, 1991, 1992, 1993, 1994, 1995, 1996 chair, 1997 chair, 1998, 1999 
chair) 

Stuart Bernstein, BHPr (1989, 1990, 1994, 1995, 1996, 1997, 1998, 1999) 

KarenS. Hamrick, ERS ( 1990 cochair, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999) 

Howard N Fullerton, Jr., BLS (1991 cochair, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999) 

Norman C. Saunders, BLS (1991 cochair, 1992, 1994, 1995, 1996, 1997, 1998, 1999) 

Stephen A. MacDonald, ERS (1993, 1994, 1995, 1996, 1997, 1998, 1999) 

Peg Young, INS (1993, 1994, 1995, 1996, 1997, 1998, 1999) 

Jeffrey Osmint, USGS (1996, 1997, 1998, 1999) 

Clifford Woodruff III, BEA (1997, 1998, 1999) 

Kathleen Sorensen, VA (1998, 1999) 

Tammany J. Mulder, Bureau of the Census (1999) 
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Past members have included the following individuals: 



Paul J. Horn, NCES (1989) 

Kenneth Johnson , BEA (1989) 

William C. Sonnenberg , NCES (1988 chair, 1989 cochair) 

Naomi Verdugo, Army (1989) 

Ralph M. Monaco , ERS (1989, 1990 cochair) 

Paul Campbell, Bureau of the Census (1990, 1991, 1992, 1993, 1995, 1996, 1997) 

William J. Hussar, NCES (1989, 1990) 

Herbert Traxler, BHPr (1990, 1991, 1992) 

Methodology Center, CIA (1990, 1991, 1992, 1993) 

ZoeAmbargis , BEA (1991, 1993, 1995, 1996) 

Peter Blair , former Office of Technology Assessment (1991) 

John Kort, BEA (1991) 

Walter A. Rosenbaum , EP A (1991) 

Thomas Lienesch , BEA (1992, chair, 1993) 

Patricia Devine , former Bureau of Mines (1992) 

Ronald Earley, EIA(1992, 1993 chair, 1995, 1996) 

Douglas Maxwell, ERS (1992) 

Mai Nguyen, Research and Development, CIA (1992) 

David Rejeski, EPA (1992, 1993) 

Ethan Smith, USGS (1992, 1993, 1995, 1996) 

Sandra Absalom , former Bureau of Mines (1993) 

Ching Yu, former Bureau of Mines (1993) 

Joe Abe, EPA (1993) 

David Costello, EIA (1994 chair, 1995, 1996) 

Michael Colby, EPA (1995) 

Ching Yu, USGS (1995) 

Andy Be mat, BEA (1996) 

Gabriella Lombardi, EPA (1996) 

John H Phelps , HCFA (1997, 1998) 

Laura Heaton, Bureau of the Census (1998, 1999) 

Publications 

These products include the Federal Forecaster Directory, published in 1988, 1989, 1990, 1991, 1992, 1995, 1996, 
1997, 1998, and. 1999, and Federal Forecasters Conference : Papers and Proceedings, published for these conferences 
in 1988, 1989, 1990, 1991, 1992, 1993,* 1994, 1996, J997 and 1999. 
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Keynote Address 



Procedures for Auditing Federal Forecasts 



J. Scott Armstrong 

The Wharton School, University of Pennsylvania 

I, along with over 40 leading researchers, have been developing principles based on prior research on forecasting. The 
principles describe which procedures to use under what conditions. Comparative empirical studies have been 
particularly useful in this effort. To ensure that the principles cover all situations, we have also drawn upon expert 
opinion. 

Over 130 principles have been developed for forecasting. These should help to: 

* structure the problem, 

* obtain and prepare relevant information, 

* apply forecasting methods, 

* evaluate methods, and 

* use forecasts effectively. 

Use of the forecasting principles can help to avoid liability by showing that attempts were made to follow best practice. 
In addition, the principles should lead to more, accurate forecasts, improved assessments of uncertainty, improved use 
of forecasts, and/or reduced costs of forecasting. 

The principles are needed for important forecasts, especially for situations where opinions differ and emotions are high. 
For example, what are the predicted effects of a voucher plan for schools, charges for the amount of garbage produced 
by households, reduction of welfare benefits, privatizing mass transportation, reducing the capital gains tax, legalizing 
drugs, use of the death penalty, reducing the minimum wage, deregulating businesses, reducing tariffs, or passage of 
nondiscretionary concealed handgun laws? These represent only a few of the many topics where formal approaches 
have led to forecasts that conflict with commonly-held views. 

The principles are used to select and apply forecasting methods. So I will briefly describe the ten major approaches to 
forecasting: (1) expert forecasting; (2) judgmental bootstrapping; (3) conjoint analysis; (4) intentions; (5) role-playing; 
(6) analogies; (7) expert systems; (8) rule-based forecasting; (9) extrapolation; and (10) econometric methods. 

While most of the principles are not controversial, many are often unwittingly violated in practice. 

Examples include: 

* use structured methods 

* combine forecasts from at least five sources 

* provide prediction intervals 

* obtain forecasts from a heterogeneous group of experts 

* match the forecasting method to the situation 

* provide forecasts for alternative interventions 

* be conservative when there is uncertainty 

* use domain knowledge when making forecasts. 

Some principles conflict with received wisdom. Here are some examples: 

* use quantitative rather than qualitative methods when large changes are involved 

* do not use statistical criteria for selecting forecasting methods (do not use R-square) 

* use theory for model development (once accepted, but currently out of favor). 
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As might be expected, the principles (including those on the previous page) are generally dependent upon the 
conditions involved in the situation. 

In some cases the principles are based on tittle evidence. In other cases, however, empirical evidence is extensive. Two 
well-established findings that conflict with received wisdom are: 

*use simple methods unless there is strong evidence that complexity is needed 
* do not revise quantitative forecasts. 

/ 

The principles are provided as a checklist so they can be used to audit an agency's forecasting procedures. It is 
recommended that the ratings be made independently by three to five unbiased experts. 

The principles are likely to lead to substantial changes in practice. For example, judgmental bootstrapping should be 
used instead of judgement when repetitive forecasts are involved and when one has no historical data on the dependent 
variable. Another example involves making forecasts where groups are in conflict: use role-playing rather than expert 
judgment. 
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Panel 



Federal Forecasting in the New Millennium 



When the 20th Century Was the Future: USDA’s "New" Outlook Program 
and the "Future" of Public Forecasting 

Anne B. W. Effland 
Historian/Social Science Analyst 
Economic Research Service 
U.S. Department of Agriculture 



Technical Improvements to Our Veteran Estimates and Projections Model 

Calvin Beads, Jr. 

Computer Specialist 

Office of Planning and Analysis 

U.S. Department of Veterans Affairs 



Forecasting and Analysis of Military Recruiting Plans and Programs 

Robert W. Tinney 
Economist 
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Introduction 

"The vital need of today is a clear and searching glance into the future, a forecast of crop results which 

shall fairly indicate them in advance." (USDA 1889, 201) 

So wrote Jacob Richards Dodge, Chief Statistician of the U.S. Department of Agriculture, in the Annual 
Report of the Secretary in 1 889. As crop surpluses weighed on prices, and populists weighed on government to regulate 
the financial and transportation interests they identified as responsible. Dodge envisioned a day when accurate, 
systematic collection of agricultural statistics might support a crop forecasting program that would allow farmers to 
make informed planting decisions and avoid producing beyond the demand for their product. Twenty-three years later, 
in 1 9 1 2, the Department provided its first quantitative yield and production forecasts, and in 1 923 , it began its outlook 
program with the first annual outlook conference. 

To provide some historical perspective on the theme of this conference, “Forecasting in the New Millennium," 
this paper examines the development of USDA’s outlook program in the latter years of the 19 th century and the early 
years of the 20 th . It inquires into the process by which a past group of statisticians and economists arrived at a 
forecasting program for their times, in hopes of informing and inspiring similar reflections as we enter our own future. 

On some levels, both periods have much in common. Like the end of our own century, the end of the last ' 
century witnessed, to paraphrase the call for papers for this conference, changing ideas about government and its role in 
the daily lives of citizens (government regulation of railroads and interstate commerce had recently been established, for 
example), new ways of doing business (catalog sales, national chains, and commercial advertising created a national 
consumer culture), new ways of organizing corporations (holding companies and corporations provided new avenues for 
growth and expansion), new ways of communicating (the telephone made long distance voice communication 
instantaneous), and new conceptions of employment and career (huge industrial plants led to growing specialization of 
jobs and fed the rise of unions, while new office jobs and positions for professional and technical experts created a new 
“middle” class of workers). The Industrial Revolution (like the current Information Revolution) was here, and many 
were "straining to keep up in an era of change almost too rapid to comprehend." 

Just as the current version of these events leads us to consider directions for the future in the 2 1 st century, so the 
events at the turn of the last century led many to think about changes that would improve their own futures in the 20 th 
century. The development of USDA’s forecasting program offers an opportunity to examine how forward-looking 
leaders of the agricultural economy built a program they believed would address the long-term, recurrent problems of 
agriculture, particularly surpluses and the low prices that accompanied them. They adopted a systematic approach that 
integrated aspects of programs already underway with new ideas arising from the rapid economic and social change 
them. With deliberate purpose, professionals like J. R. Dodge worked to educate farmers, businessmen, and politicians 
about the value of government-provided economic information, which could help stabilize agricultural production and 
prices based on market principles. 

Deriving their convictions from the context of their own times-the problems before them and the economic 
theories explaining them— these leaders established a program of reliable and scientifically sound public forecasts that 
has lasted through the century and that continues to inform decisionmakers, although not always in ways imagined by its 
originators. The story of establishing the agricultural outlook program illustrates how a cohort of dedicated 
professionals envisioned public solutions to the problems of their day in such a way that those solutions became the 
basis for solutions to future problems they could not anticipate. The experiences of these leaders who came before may 
offer useful insights as this conference contemplates similar kinds of questions for the next century, and even 
millennium. 
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USDA’s forecasting program in the 1 920s was the culmination of public support in three critical areas: long- 
term collection of reliable agricultural statistics, newly developed research into accurate methodologies for forecasting, 
and a system to distribute and interpret the national-level forecasting work to individual farmers. This presentation 
describes each of these developments individually, examining the role each played in the establishment of the 
Department’s outlook program in 1 923 and their roles in the continuing influence of the outlook program through the 
remainder of the 20 th century and to the brink of the new millennium. 

Developing the Collection of Agricultural Statistics 

The Department of Agriculture had a well -developed program for collecting statistics on agriculture by the end 
of the 1 9 th century. In response to requests from Eastern farmers, who had begun to feel the pressure of new supplies of 
wheat and other staples from the expanding West, collection of agricultural statistics through voluntary reporting by 
farmers and other interested parties began with an appropriation to the U.S. Patent Office in 1 839, as well as the 
inclusion of agricultural questions in the 1840 census. Despite inconsistent appropriations from Congress, 
Commissioner of Patents Henry Ellsworth followed his own convictions, and his property interests in newly settled 
western lands, and continued collection and reporting of crop statistics until his resignation in 1845. His successors in 
the Patent Office did not share his commitment to agricultural statistics, but annual crop reports continued until the 
establishment of the Department of Agriculture in 1 862, when monthly crop reports began in the new Department 
(Ebling 1939; USDA 1969). 

Great expectations for the value of crop reports accompanied USDA’s early program. Wrote Commissioner of 
Agriculture Isaac Newton in 1863, “Too much cannot be said in favor of agricultural statistics. They hold ... the chart 
which is to reveal to the husbandman and the merchant the great laws of supply and demand-of tillage and barter-thus 
enabling both to work out a safe and healthy prosperity” (Ebling 1 939, 727). Crop estimates did provide useful 
information to farmers about available supplies, putting them on the same footing with buyers as they marketed their 
crops, but the estimates did not provide information early enough in the season to help farmers adjust their production 
levels to meet anticipated demand. The opening of new lands in the West and a series of good crops in Europe had 
created excess supplies, especially of wheat, and brought disastrously low prices. Without a method for providing 
farmers with information on how much others were going to plant, surpluses could not be anticipated by individuals. 

Information on expected production, however, at least offered producers a chance to affect how and when they 
marketed their crops. Repeated economic downturns and depressions in the agricultural sector from the end of the Civil 
War in 1865 to the end of the 1 9 th century emphasized the importance of informed marketing for farmers, so they might 
choose the best moment to sell in order to receive the highest price. But crop statistics, it turned out, also had the power 
to influence the market directly, a power made clear at the result of scandal. In 1905, a senior member of USDA’s 
Bureau of Statistics was found to have manipulated information on cotton acreage and even to have leaked production 
estimates to speculators in New York, providing them the opportunity to reap artificially high profits in the cotton trade 
(Ebling 1939; Taylor and Taylor 1952). 

Following the scandal, the founding of the Crop Reporting Board in 1905 established a system that continues 
today, in which a group of senior experts in the Bureau of Statistics make final crop estimates under secure conditions. 
The new system enhanced public confidence in the accuracy and integrity of USDA’s monthly crop reports. At the same 
time, a Presidential commission investigating the agricultural statistics program, following the 1905 scandal and a 
controversy between USDA and the Census Bureau over discrepancies in estimates of acreage planted for 1900, raised 
anew the idea of a forecasting program in the Department. Their investigation of the scandal revealed a distinct 
advantage held by the large trading firms: they could hire analysts to take USDA’s statistical reports and turn them into 
estimates of future production (Taylor and Taylor 1952). 

The commission recommended in 1906 that the Department make use of its expertise and collected statistics to 
predict production levels before harvest so farmers would have the same information as traders for making marketing 
decisions. By 19 12, the first quantitative forecast of yield and total production appeared, calculated using the “par” 
method that related planted acreage and current condition of crops to the average yield under average conditions. 
Statisticians referred to the results as “production indications," rather than forecasts, but farmers and other using the 
Department’s monthly reports considered them production forecasts (Taylor and Taylor 1952; USDA 1969). 



Developing New Methodologies 



Although these pre-harvest production forecasts allowed farmers to make more timely marketing decisions, 
they came too late to affect farmers' planting decisions. They could help farmers get the best price, but they could not 
help prevent surpluses. Forecasts early enough to affect planting decisions awaited the emergency needs of wartime. In 
1917, when army officials asked the Bureau for a prediction of the probable spring wheat crop. Bureau Chief Leon 
Estabrook oversaw a survey of wheat farmers' planting intentions, the results of which were provided to the army for 
planning purposes. Comparison of the spring survey results with actual harvest numbers revealed a close match. 
Intentions-to-plant surveys, and soon after similar surveys of livestock farmers’ intentions to breed hogs and cattle, 
became a powerful new tool for forecasting production early enough to allow farmers to make planting breeding 
decisions. Estabrook later reported the development of forecasting based on the planting intentions of farmers as 
“among the more novel” accomplishments of the Bureau of Crop Estimates (Ebling 1939; Estabrook 1 920). 

By 1 922, when the Bureau of Crop Estimates, formerly the Bureau of Statistics, was joined with the Bureau of 
Markets as the Bureau of Agricultural Economics (BAE), the discipline of agricultural economics had become a 
dynamic field of applied economics, energized by the disturbing depression in agriculture that followed the end of World 
War I. While the rest of the country’s economy enjoyed great prosperity in the 1 920s, the farm economy suffered from 
rapidly falling prices and expanding supplies. Largely the result of post-war disruptions of wartime demand for 
agricultural products in Europe, the economic distress spurred much research and attention to methods for helping 
farmers make better production and marketing decisions. 

Supported by these growing concerns about the future of agriculture, and concurrent with the development of 
surveys that provided information to statisticians and economists early enough to support pre-planting forecasts of 
production, BAE economists were developing new quantitative methods to use the Department’s accumulated historical 
statistics (Hamilton 1 999). By identifying statistical relationships among the data, the economists hoped to more 
accurately use annual data on farmers’ planting and breeding intentions to forecast annual production levels. 

But forecasting production levels only offered farmers an a idea of what crops might be in relative surplus in 
the upcoming year. Many pointed out the need to provide farmers with some idea of what the returns for planting 
different crops might be. For that farmers needed price forecasts. Critical research in applied methodologies by the 
BAE staff during the 1920s eventually led to the development of reliable price forecasting capabilities. Bureau 
economists published both academic and popular explanations of their new methods, from articles on a variety of 
statistical correlation methods in the Journal of the American Statistical Association (Tolley and Ezekiel 1 923; Ezekiel 
1 924; Bean 1 930) to such BAE bulletins as “What Makes the Price of Oats?,” "Factors Affecting the Price of Hogs,’’ and 
“Factors Affecting the Price of Cotton" (Killough 1 925; Ezekiel and Haas 1 926; Smith 1 928). 

Developing a Dissemination Program 

As the agricultural depression of the 1 920s dragged on, pressure from farm organizations and other agricultural 
interests mounted for a national policy of price support for farm products through underwriting of exports. Agricultural 
economists generally opposed such a program and instead advocated better information to improve production and 
marketing decisions by farmers. As USDA's annual report noted in 1923, “The practical purpose of the price-analysis 
work is to give the farmer the benefit of a scientific analysis of his problem, so that he may be able to make the best 
estimate possible with the facts available" (USD A 1 923). The BAE’s periodic crop reports and production, yield, and 
price forecasts formed part of this approach, but leaders in the agency and within the new profession of agricultural 
economics wished to offer farmers a more timely and comprehensive guide for their production and marketing decisions. 

Building on the well-developed program for collecting agricultural statistics and on newly developed 
quantitative methods for using those statistics to forecast production and price trends, economists in the BAE, led by 
Henry C. Taylor, the new Bureau’s chief, began an ambitious program of producing an annual outlook for agricultural 
production and prices to provide farmers and other agricultural interests with the outlook on production and demand for 
major commodities in the upcoming year (USDA 1920; Tolley 1931; USDA 1 942; Taylor and Taylor 1 952; Hamilton 
1 998, 1 999). At the time of the initial outlook conference in 1923, Taylor had made clear his views that “the purpose of 
agricultural forecasting is the wise guidance of production in order that there may continue to be a proper balance 
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between the various lines of production and between agriculture and other industries From the individual point of 

view, forecasting is the basis of wise farm management and marketing. From the national point of view it is the basis of 
a national agricultural policy" (Taylor, 1 923, ). 

Taylor’s views of agricultural forecasting’s value to national policy were expansive and focused on the long- 
term. He advocated studies of long-term trends in agricultural production and prices “to provide an intelligent basis for 
determining state and national policies with respect to immigration, foreign trade in farm products, forestry, reclamation 
and land settlement, and the wise utilization and administration of the remaining public domain" (Taylor 1925, 485) But 
he reiterated his commitment to providing information, rather than intervention, in a later description of the philosophy 
behind the outlook program, at a time when policy had taken a more interventionist turn: “Our proposal was not to 
formulate an agricultural program but to draw a picture of the conditions with respect to the probable supply and 
demand throughout the competing area. . . .The farmers were not to be told what to do but given the facts they needed in 
order to act intelligently." (Taylor 1 923; USDA 1 942, 4-5). 

The outlook reports proved popular. By 1 930, Secretary of Agriculture Henry Hyde could report that “the 
agricultural outlook service has now been extended into every state and covers over 40 crops and classes of livestock. 
This year’s outlook report ... was not only brought directly to more than 200,000 farmers at 4,200 group meetings, but 
was also used in special and follow-up radio programs which carried the information quickly to several million farmers" 
(Tolley 1931, 531). 

Outlook reports did not remain the same throughout this period, however. Early reports not only provided “the 
facts,” they also came close to telling farmers what to do. For example, in the 1 925 outlook report, com analysts 
commented “an increased acreage in 1 925 does not appear advisable, • while the hog report advised “a further reduction 
in production is highly undesirable." Dairy analysts found “further expansion in dairying in 1 925 seems inadvisable,” 
and wheat analysts warned “growers of hard spring wheat are cautioned not to increase production above domestic 
requirements. ” By 1 93 1 , analysts provided only their assessments of likely price movements, leaving farmers, or their 
extension advisors, to derive the appropriate production and marketing decisions from the price information (Tolley 



Between 1 923 and 1 93 1 , a number of important changes in leadership and organization of the Department had 
taken place that led to the change in outlook interpretations. Perhaps most importantly, forecasts for lower cotton prices 
m the fall of 1 927 coincided closely with a dramatic drop in the market, suggesting the USDA forecast caused a fall in 
prices. Influential cotton trading interests took the opportunity to pressure Congress for changes in the forecasting 
program. Beginning with the Agriculture Appropriations Act in 1929, forecasting of cotton prices was forbidden. 

Herbert Hoover, the new President, expanded the proscription to cover all price forecasting. Secretary Hyde’s 
strict interpretation of Hoover’s order against price forecasting led to pressure on BAE Chief Nils Olsen to suppress 
price expectations in the outlook reports. Olsen protested with some success, persuading Hyde to consider the BAE's 
outlook analysis of prices as the reporting of price trends, rather than the forecasting of prices. But the continued 
uncertainty of the economy as the world entered the Depression of the 1 930s led to a suspension of price forecasting in 
1 93 2 anyway, as previously reliable methods no longer produced accurate predictions (Lowitt 1 980; Hamilton 1991- 
Associated Press 1932). 

Despite this move away from providing specific advice to farmers about the direction of prices, some in the 
BAE advocated a greater use of agricultural outlook information to advise farmers and assist them in land use choices 
that would best match production with demand. The Extension Service had been involved in disseminating outlook 
reports and adapting them and explaining them to farmers since the beginning of the outlook program, as reflected in 
Secretaiy Hyde’s enumeration of the 200,000 farmers reached at 4,200 local meetings by the outlook program in 1930. 
As the BAE slowly reduced the interpretation of its outlook for individual farmers in the national reports, state and 
county Extension Service staffs became increasingly responsible for interpreting the general information provided by 
BAE in the light of their local circumstances and the needs of individual farmers. H. R. Tolley, an early director of the 
outlook work, believed the BAE had “passed the buck" to the states and individual farmers to figure out how to use 
outlook information (Tolley 1931). 
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Under Hoover’s Federal Farm Board, his program for responding to the growing agricultural crisis, and later as 
the Roosevelt administration inaugurated the New Deal agricultural programs, outlook work began to serve the needs of 
agricultural support and planning programs. No longer confident that farmers themselves could turn the agricultural 
economy around through adjustments to their production and marketing decisions based on reliable information, 
government programs to control supply and support prices came to rely on crop reports and outlook services for 
planning acreage reduction and other programs designed to reduce surpluses (Hamilton 1 999). 

During this period, the BAE’s planning function expanded and the agency became the central clearinghouse for 
agricultural planning in USD A. The agency directed and advised the work of state, county, and community agricultural 
planning committees, putting forecasting work to the task of national economic planning of food and fiber production 
through developing individual, local, and regional farm and land use plans (USDA 1942; Baker et al. 1963). 
Emphasizing intervention over information, the BAE leadership held high expectations that this planning function 
represented the future of public forecasting in agriculture. Wrote the author of a 1 942 report on BAE’s outlook work, 
“Wide fields lie ahead for the further development of . . . outlook information-for outlook work in terms of human needs 
and of production and marketing to meet those needs-in place of ‘supply and demand’ as traditionally defined” (USDA 
1942). 



With the coming of World War II, forecasting the demand for agricultural products and assuring an adequate 
supply became central to the war effort, as it had in a less developed form during World War I. By the end of the war, 
however, political patience with Federal economic control of agricultural production planning had worn thin and the 
BAE was a casualty of the opposition to centralized government planning in the economy. Yet with various Federal 
commodity support programs firmly in place by the time of this reaction in the late 1940s, and with the established 
tradition of USDA provision of public information on the agricultural economy, the demand for production and price 
forecasts for agriculture remained and the outlook program continued in the 1950s without the BAE (USDA 1 942; 

Baker et al. 1963). 

Conclusion 

For agriculture, three sets of circumstances came together under the distressed economic circumstances of the 
1 920s and 1 930s to support the creation and development of a lasting public forecasting program. Because of the long 
tradition of supporting government collection of agricultural statistics, a substantial set of historical statistics was 
available and a system for their continued collection was in place. Because of the prolonged economic distress in the 
agricultural economy in the late 19 th century, and because of the rising interest in applied economic theory brought about 
by the effects of late 19 th century industrialization, research and development of methodologies for improved agricultural 
economic forecasting found support in the Department and among agricultural leaders and economists outside USDA. 
And because of efforts to improve farm efficiency and to build parity between rural and urban standards of living in the 
early 20 th century, a field distribution system in the form of the Extension Service was well-established and lent itself to 
the dissemination of the agricultural outlook program at the local level. 

With the three elements joined under the leadership of agricultural economist Henry C. Taylor in the BAE, and 
with the committed support of Secretary of Agriculture Hemy C. Wallace, an impressive public forecasting program was 
bom. Although that powerful partnership changed soon after, with the death of Wallace and the resignation of Taylor, 
the groundwork laid in the 1 920s remained in place and flourished during the severe economic distress of the 1 930s. Of 
course, the agricultural economy has changed much since the 1930s, but the forecasting program has remained and been 
relied on for information used for an array of public and private purposes since then, including wartime emergencies, 
commodity programs, and production, storage, trade, and transportation planning. 

The intention of this examination of historical events is not to suggest that the beginning of the next century is 
the same, or even similar, to the beginning of this one, though there are some striking resemblances. It is more to 
suggest that efforts begun as we entered our current century to take a long-term view and to build a scientifically sound 
analytical system created the foundation for a program that could respond to changing needs over time. As the context of 
the nation’s agriculture changed over the century, this publicly supported analytical system remained capable of 
providing the information needed to make economic decisions. 
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Those looking into the future from 1 999, however, might wish to consider whether the foundations of this 
analytical system that has weathered the 20 th centuiy continue to be relevant and sustainable for the 2 l #t century. Will 
the same three elements-reliable collection of statistics, research into methodologies for improved forecasts, and a 
system for wide and public dissemination of information-continue to be the appropriate foundations for a valued public 
forecasting system in the future? And if so, will the traditional public methods of supporting these elements continue to 
produce the needed results for the next century? These are the kinds of questions that were asked by forward-looking 
leaders at the beginning of this century and are, in fact, the ones being asked again by many as we enter the next century. 
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Technical Improvements to Our Veteran Estimates and Projections Model 



Calvin Beads, Jr. 

Office of Planning and Analysis 
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This summary focuses on the technical aspects relating to the processing of the veteran population model. It begins with 
what is involved with developing the veteran projections and estimates. It includes the impact that the Government 
Performance and Results Act (GPRA) of 1993 has on the process and the direction for the future. This includes where 
the Department of Veterans Affairs intends to focus future projections and give examples of the type of social-economic 
variables that we would like to add to the model. 

The Department of Veterans Affairs (VA) develops estimates and projections of veterans to satisfy the demand for the 
distribution of the veteran population and a legal requirement. The methodology uses a variation of the cohort survival- 
rate method. Projections are developed at the national, state, and county levels. The current model projects three 
demographic variables by three geographic levels. At the national, state, and county levels, projections are derived by 
age group, gender, and period of service. 

The veteran population model was automated in the 1970s. This involved the use of contracted hardware/mainffame 
support, COBOL programming/procedural language, dedicated terminals for remote access, and one to two days 
turnaround time. By the 1980s, the model was converted totally to in-house use. The process included use of the VA 
Data Processing Center in Austin, Texas. The model conversion initially used COBOL, but it was then converted to 
S AS/Interpretive language. The model was run on the mainframe. The system process consisted of a projections cycle 
and an estimates cycle. For the projections cycle, the files that were generated included separations, national and state 
runs, county runs, file management, quality control, and reports. For the estimates cycle, the files include updated 
separations, national and state runs, county runs, file management, quality control, and reports. 

The resource requirements for this system were great. Among the items to be considered were storage, space, 
processing staff, time, and cost. The program code was nonstructural. It was difficult to change assumptions. In 
addition, the model was not parameter driven and lacked modular coding. Overall, the system required extensive 
maintenance and was resource dependent. 

As a result, the Department of Veterans Affairs is considering changing over to a personal computer (PC) environment. 
The major advantages of a PC platform are faster processing, greater programming control, modular coding, generalized 
coding, parameter driven, portability to end users, and no system constraints. However, there are startup considerations 
to converting to a PC platform such as choice of software language, model development, end user file formats, 
dissemination, and training. 

In addition to improvements in hardware and software, the Department of Veterans Affairs would like to provide model 
enhancements. These include social-economic veteran characteristics such as race, income, and education. Our 
objective would be to provide timely and flexible projections that would assist policy makers when crises occur such as 
in Bosnia and Kosovo. Moreover, our proposed changes in methodology would consist of greater use of non-VA 
administrative and other databases, model-based subnational projections, and VA workload projections based on veteran 
population projections. 
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Forecasting and Analysis of Military Recruiting Plans and Programs 



Robert W. Tinney 
Directorate for Accession Policy 
Office of the Secretary of Defense 
Department of Defense 



This summary addressed the forecasting requirement for the military, forecasting methodology, recruiting challenge, 
and the requirements for the future. At the beginning of each fiscal year, the service recruiting program and budget 
submissions are submitted to the Office of the Secretary of Defense. The next step is to do a program analysis and 
evaluation. Two questions are paramount. First, do the proposed program and budget achieve accession mission? This 
is done by comparing the forecast and the requirement. Second, is the program cost-effective? This is achieved by 
comparing the cost-effective budget to proposed budget. Then, three questions are considered to determine if policy 
changes are necessary in the recruiting program. These include: (1) are additional resources needed; (2) should recruit 
quality marks be altered; (3) and would a different resource mix be cost-effective? 

The forecasting methodology includes economic assumptions, enlistment supply models, and costs. The economic 
assumptions require forecasts of the youth population, unemployment rate of population of 16 years and over, military 
earnings, civilian earnings, DoD deflators for pay, and advertising cost. The enlistment supply model parameter 
estimates are based on preliminary findings of the Navy College Fund Evaluation study conducted by Clemson 
University. Costs reflect the cost-effective budget that is estimated to meet contract, workload, or requirement. 

The forecasting model has four components linked in a spreadsheet framework. The components are as follows: 

♦gross contract calculations and recruiting budgets 
♦economic assumptions 
♦enlisted supply model parameter estimates 
♦minimum cost budget computations. 

The forecasts and cost-effective budgets are computed by fiscal year. The model is able to compare requirements to 
forecast and program budgets to minimum cost budgets and provide timely feedback. 

When forecasts are compared to accession goals provided the Army, Navy, Marine Corps, and the Air Force, they 
either indicate success or a shortfall of recruiting objectives. These situations pose recruiting challenges. These 
challenges may be met by considering different policy options such as reduction from high quality accessions from 
current policy level or increasing programmed resources currently planned for the fiscal year. This can include new 
initiatives such as additional recruiting funds, boosted incentives, and expanded bonus program. 

The requirements for the future include standardizing the definitions of inputs between service budget submissions and 
the Office of the Secretary of Defense Forecasting Model and updating estimates of the enlistment supply. This 
includes an evaluation of the Navy College Fund and a study of the effectiveness of military advertising. Both projects 
are scheduled to be completed by Fall of 1999. 

In addition, we are considering new model definitions. This will include new variables such as the college bound 
population and the veteran population and Census region supply models. Another requirement for the future is the 
addition of inter-service effects to the forecasting model. 
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(NAICS) — Abstract 
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Bureau of Economic Analysis 

Panelists: 

Carole A. Ambler 

Bureau of the Census, U.S. Department of Commerce 
Richard L. Clayton 

Bureau of Labor Statistics, U.S. Department of Labor 
John R. Kort 

Bureau of Economic Analysis, U.S. Department of Commerce 
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The North American Industry Classification System (NAICS) 



Chair: John R. Kort 

Bureau of Economic Analysis, U.S. Department of Commerce 



In 1992, the U.S. Office of Management and Budget (OMB) formed the Economic Classification Policy 
Committee (ECPC) and mandated it to undertake a “clean slate” examination of industry classification in the 
United States. The ECPC was chaired by the Bureau of Economic Analysis, with a member from the Bureau of 
the Census and the Bureau of Labor Statistics. Later, as NAFTA was passed, the United States joined with its 
trading partners Canada and Mexico to form a trilateral team composed of members from the U.S. ECPC, 
Canada's Statistics Canada, and Mexico's Instituto Nacional de Estadistica, Geografia e Informatica (INEGI) to 
jointly develop a common set of industry classifications for the economy of North America. The resulting new 
industry classification system-NAICS-was announced by OMB in April 1997. With the issuance of the 1997 
economic censuses early in 1999, its implementation is beginning. 

This session will first describe NAICS, its history, development, underlying concepts, and how it revises/replaces 
the Standard Industrial Classification (SIC) system, in use in the United States since the late 1930's, and how it 
compares to other industry classification systems in use in Europe and the Pacific Rim. It will then describe the 
U.S. statistical system's plans for implementation of NAICS, starting with the publication of information from the 
1997 economic censuses in 1999, to and through the last phase of implementation in 2004. The panelists will 
discuss what economists in North America can expect in terms of coverage of new industries and sectors, 
discontinuities in historical series, plans for geographic series in each of the three agencies-Census, BLS, and 
BEA— and implications of the new classification system for economists and other social scientists everywhere. 



Panelists: 

Carole A. Ambler 

Bureau of the Census, U.S. Department of Commerce 
Richard L. Clayton 

Bureau of Labor Statistics, U.S. Department of Labor 
John R. Kort 

Bureau of Economic Analysis, U.S. Department of Commerce 
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ECONOMIC FORECASTING ISSUES 



Chair: Karen S. Hamrick 

Economic Research Service, U.S. Department of Agriculture 

Fertility and Long-Term Economic Assumptions, 

Tim A. Dowd, U.S. Joint Committee on Taxation 
R.M. Monaco, INFORUM/University of Maryland 

An Update on the Business Cycle, 

Nancy L. Morrison & Foster Morrison, Turtle Hollow Associates, Inc. 

The Role of the Unemployment Rate and the Capacity Utilization Rate 
in Explaining Inflation, 

Paul A. Sundell, Economic Research Service, U.S. Department of Agriculture 
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FERTILITY AND LONG-TERM ECONOMIC PROJECTIONS 



Timothy Dowd, Joint Committee on Taxation 1 
R.M. Monaco, Inforum/University of Maryland 



For the past several years, there has been 
considerable concern that the federal old-age, 
disability and survivors insurance programs 
(OASDI), popularly known as Social Security, will 
not be able to meet their promised future financial 
obligations. The general outlines of the problems are 
well-known. In a nutshell, a major part of the 
problem facing OASDI is a rapid increase in the 
number of beneficiaries relative to the workforce 
that pays the taxes to support the trust funds. The 
projected increase in the elderly dependency ratio 
(the ratio of the number of people aged 65 and over 
to the number of people aged 16 to 65) is generally 
attributed to the jump in fertility rates that occurred 
from 1946 to 1964, known as the Baby Boom and the 
natural aging of the population. 

The problems facing the social insurance trust funds 
are not imminent, according to the most recent round 
of reports of the public trustees of these funds. The 
Old Age, Survivors, and Disability Insurance 
(OASDI) Trust Funds are expected to be insolvent as 
a group in 2034, although the Disability Insurance 
trust fund is expected to be insolvent by 2020. The 
widely-discussed problems are actually anticipated 
problems. The seriousness of the future insolvency 
problems depends crucially on projections of several 
economic and demographic variables. 

Economic and Demographic Assumptions 

Future values of economic and demographic 
variables that underlie social insurance trust fund 
projections are developed in the Office of the 
Actuary at the Social Security Administration (SSA), 
in conjunction with input from other federal agencies 
and invited experts. While it is difficult to 
characterize precisely the methods used to develop 
the projections, it is fair to say that there has yet been 
no published set of equations or a model that form 
the basis of the economic and demographic 
assumptions. It appears that the predominant 
method for developing the projections that underlie 
the projected insolvencies amounts to examining past 
trends on a variable-by-variable basis and 
establishing judgements about the future course of 



the variables in light of the past trends. It's important 
to emphasize that, for the most part, projections are 
done variable-by-variable, except where there is a 
simple linking function that creates a larger aggregate 
from several sub-pieces. Thus, while the projection 
for real GDP growth is created as the sum of labor 
force growth, labor productivity growth and several 
assumptions about "links,” there does not appear to 
be a mechanism that relates, say, productivity growth 
to labor force growth, or even mortality changes to 
projected changes in economic well-being. 

A judgmental, largely univariate approach can 
produce excellent forecasts. In contrast to the 
intuition of some (especially those with models), 
there is virtually no evidence that model approaches, 
even those models that might include co-movements 
between the variables of interest, generally result in 
forecasts superior to single-variable extrapolations or 
judgement alone. Thus, there is a good possibility 
that the current methods and forecasts for the 
economic and demographic variables are about the 
best that can be expected. This would imply that the 
expected trust fund insolvency dates are about as 
accurate as can be expected. 

The chief difficulty with the judgmental, variable-by- 
variable approach arises when you want to examine 
the effects of a change in one assumption, say, 
economic growth, on the trust fund balance. A naive 
approach would be to assume that all other 
assumptions/projection values would remain the 
same. Thus, an increase in labor force growth would 
be projected to have effects on the trust fund 
balances, but not on labor productivity, inflation, 
mortality, or even fertility. A more comprehensive 
view would allow for the effects of interaction among 
the variables, including interactions between 
economic and demographic variables. 

A simple, straightforward case can be made that 
demographic assumptions like mortality and fertility 
should be conditioned on economic variables like 
wages, inflation, interest rates, and economic growth. 
There are few who would argue that rising levels of 
economic well-being, measured by real GDP per 



1 The views expressed in this paper are solely the authors’, and do not reflect the views of the Joint Committee on Taxation, nor of any member 
of Congress. 
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capita, are usually associated with falling mortality 
rates (across countries, and, to some extent, over time 
within countries). 

Fertility decisions today obviously influence the size 
of the labor force, roughly 15-to-20 years in the 
future. Perhaps equally important to changes in the 
size of the population is the effect that children have 
on the labor supply of their parents. Increased fertility 
today, resulting in more children, may increase or 
decrease the size of the labor force depending on the 
decisions households make about childcare. Changes 
in labor force participation are likely to affect 
younger women most and men and older people least. 
Thus, fertility movements can affect the age and 
gender composition of the current labor force, as well 
as influencing the size of the future work force 
directly. Overall, the economy is certainly influenced 
by the growth in the labor force, and some authors 
have speculated that productivity of the workforce is 
inversely related to the average age of the workforce. 

How important is it to capture interactions between 
economic and demographic variables? This paper 
attempts to answer that question, at least partially, by 
examining the relationship between fertility behavior 
and economic variables. First, we briefly review a 
recently developed empirical model of fertility 
behavior. Next, we use the 1999 Social Security 
Administration economic forecasts to help develop a 
projection of fertility through 2050 and compare the 
projection with the most recent SSA projection 
concerning fertility behavior. Finally, we comment 
on the differences between the projections, and 
whether such differences would lead to different 
public policy views of the Social Security insolvency 
problem. 

The Fertility Model 

The empirical model of fertility we use here was 
developed in Dowd (1999), which contains a 
complete description of the theory and econometric 
estimation. In this paper, we summarize that work. 
Dowd's work draws on the work of Becker and Lewis 
(1973) who take an economic view of the fertility 
decision. In short, this approach views the decision 
to have a child like the decision to buy a durable 
good. Such a view suggests that variables like the 
wage rate, household income (excluding wage 
income), and a host of other demographic/economic 
variables including age, race, residence state, and 
marital status determine the demand for children, and 
thus affect the fertility rate. 



The model of fertility used in this paper was 
developed in two main steps. First, three cross- 
section regressions using data from the 1970, 1980, 
and 1990 censuses was carried out. Appendix A 
discusses the estimation results and the technique 
used to estimate the cross-section regressions. 

In the second stage, we developed a time series of 
predicted age-specific fertility rates for women for 
each age from 1968 to 1993, using historical data for 
the independent variables in the cross-section 
equation and the estimated cross-section parameters. 
This time series of cross-section-predictions was then 
used as an independent variable in a time series 
regression on observed age-specific fertility rates. 
The time series regression also included the age- 
specific female wage rate and the unemployment 
rate. 

Economic variables were found to have a significant 
effect on fertility decisions in the cross-section 
estimation. The cross-section work found that the 
wage rate and household income have elasticities of - 
3.5 percent and 0.1 percent respectively. Age and 
marital status are probably the most important 
determinants of fertility. A 1 percent change in the 
age of the average woman from 34.2 to 34.6 years of 
age results in an almost 5 percent decline in the 
probability of observing a birth. Similarly a 1- 
percent increase in the age of the average woman 
from 20 to 20.2 years of age results in a 2.2 percent 
increase in the probability of observing a birth. 
However, holding everything else constant, 
increasing the age of a woman from 20 to 34 reduces 
the probability of observing a birth by over 18 
percent. The relationship between age and fertility is 
not linear. Specifically, the effect on fertility of a 
rising age increases until about age 26 and declines 
thereafter (no fertility is assumed after age 50). 
Similarly, for a woman with "average" demographic 
and wage characteristics, marrying increases the 
probability of having a child by 162 percent. Thus, 
fertility rates will move depending on the values of 
these other variables. 

In the time series, the three variables included in the 
regression captured more than 80 percent of the 
variation in the age-specific fertility rates, with the 
exception of age 16 (38 percent) and age 45 (around 
70 percent). The time series regressions suggested 
stronger negative relationships between the female 
wage and fertility than estimated from the cross- 
section alone. 

Table 1 shows the overall elasticities on the total 
fertility rate of changes in wages (assuming that 
female wages maintain their historical relationship to 
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total wages), the unemployment rate, and personal 
income. Each entry shows how the total fertility rate 
(number of babies bom per thousand women of 
childbearing age) changes for a 1- percent change in 
the variable of interest. The table shows that, 
according to the model outlined above, a one-percent 
higher wage, maintained through 2050, reduces the 
total fertility rate by between 4 and 5 percent. 

The Most Recent SSA Projections 

The SSA produces three main alternative views of 
the future: (1) Low Cost, (2) Intermediate, and (3) 
High Cost, The authors of the Annual Report 
characterize the Intermediate projections as the ’’best 
estimate of the future course of the population and 
the economy (p. 53).” The Low and High-Cost 
alternatives provide bounds for the projections of the 
health of the trust funds. In the Low Cost alternative, 
demographic and economic assumptions are chosen 
to make the costs of OASDI low. From the point of 
view of the solvency of the OASDI funds, this may 
be regarded as the ’’lucky" scenario, in which all the 
economic and demographic factors evolve to 
minimize outlays and increase revenue for the trust 
funds. The scenario may not be lucky from the view 
of society at large, however. A key reason that 
OASDI costs are kept low is that the Low Cost 
scenario incorporates higher mortality rates than are 
assumed in either of the other two scenarios. 

Like the Low Cost alternative, the High Cost scenario 
provides a cost upper-bound for the program. This 
alternative combines elements such as lower labor 
productivity and labor force growth with lower 
mortality rates than the other scenarios. While the 
High and Low Cost alternatives bracket the 
Intermediate projections, no attempt is made to assess 
the probability of either the Low or High Cost 
alternatives. Further, the differences between the 
High/Low and the Intermediate do not incorporate 
any fixed probability, either for a single variable, or 
for the trust fund balance. So, while the High and 
Low projections bracket the Intermediate projections, 
it is not possible to establish the differences between 
them as confidence intervals of any specified width. 

We take four main variables directly from the SSA 
projections and use them in the fertility model. 
These are: (1) the growth in real wages, (2) labor 
force participation for men and women, (3) real GDP 
growth, and (4) the unemployment rate. Various 
assumptions were made to make the SSA projections 
compatible with the variables needed in the cross- 
section and time-series regressions. For example, 
we assumed that all wages moved at the average rate. 
Personal income is assumed to grow at the same rate 



as GDP. Minor adjustments were made to the SSA 
unemployment rate too. Labor force participation 
rates for men and women were taken from 
unpublished data behind the 1997 trust fund report. 
There appears to be only a slight change in the labor 
force assumptions between the 1997 and 1999 
reports, so using the available 1997 data in the place 
of the 1999 data will change predicted fertility only 
slightly. 

Table 2 shows the most recent assumptions from the 
1999 report of the public trustees for those variables 
that are most important to the fertility model. The 
table shows that SSA associates higher fertility rates 
with lower costs for the OASDI programs in the long 
run. While the total fertility rate in the Intermediate 
case is expected to fall slightly (from 2.03 in 1999 
per woman to 1.9 per woman in 2050), fertility is 
expected to rise in the Low-Cost scenario and fall 
sharply in the High Cost scenario. In the short run, 
an increase in fertility actually raises the cost of the 
program slightly and pushes the insolvency date 
closer to the present. That is because dependent 
children and dependent children survivors are 
covered by Social Security programs. However, 
taking a longer run view, higher fertility rates tend to 
increase the revenue of the program by creating a 
larger workforce. 

Chart 1 shows the history and Intermediate SSA 
projection for the total fertility rate. The projection 
suggests that, while the total fertility rate will remain 
above the levels of the mid-1970s through the late 
1980s, it will stay close to 2000 (per thousand 
women) over the next 50 years. The total fertility 
rate is not expected to approach the average rate from 
1920 to 1970, roughly 2750. 

Chart 2 compares the predictions of the fertility 
model outlined above with the SSA Intermediate 
projection for total fertility. The predictions from the 
fertility model were developed using the SSA 
Intermediate economic assumptions to drive the 
model, as described above. Chart 2 shows that the 
fertility model predicts lower fertility than the SSA 
Intermediate alternative based on the other variables 
projected in the Intermediate case. The fertility 
model projects lower fertility than the SSA 
Intermediate case initially, and shows little long-run 
tendency to change between 2000 and 2015. After 
2015, the fertility model shows a trend toward lower 
fertility, which deviates progressively from the SSA 
Intermediate case. By 2050, fertility predicted by the 
model is about 15 percent lower than that predicted 
by the SSA Intermediate case. 
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Chart 3 compares the three SSA cases with the 
predictions of the fertility model, based on SSA 
Intermediate economic variables. The chart shows 
that the fertility model predictions generally lie about 
mid-way between the SSA Intermediate and High 
Cost cases, and are quite far from the Low Cost 
projections. 

As a further step, we generated predictions from the 
fertility model using the High (Low) Cost economic 
and demographic variables. That is, we used the 
High (Low) SSA projections for the four variables 
listed above to generate predictions of fertility. 
These predictions are shown in Chart 4, which shows 
the 2050 fertility rates for each prediction along with 
the SSA fertility rate used as part of the High (Low) 
Cost projection. As the chart shows, allowing the 
economic and demographic projections to influence 
the fertility prediction results in predictions that move 
closer to the Intermediate result. That is, model- 
predicted fertility is higher than SSA projections in 
the High Cost alternative, and lower than SSA 
projections in the Low Cost alternative. Interestingly, 
the model predicted fertility results for the High Cost 
are actually higher than the model results using the 
Intermediate SSA projections, and the model 
predicted fertility results for the Low Cost are lower 
than the model results using the intermediate SSA 
projections. Thus, Chart 4 illustrates that allowing 
interaction among the projected variables would, in 
this case, reduce the High-Low differences in the 
projected variables and in the trust fund outcomes 
themselves. 

Implications and Conclusions 

In this paper, we asked: Are there substantial 
differences between the current set of SSA 
projections about fertility behavior and a model of 
fertility behavior that attempts to account for 
economic influences like wages and income? In 
other words, we addressed the issue of whether there 
is a kind of inconsistency between SSA’s economic 
assumptions and their fertility assumptions. Such a 
question is reasonable, given that there appears to be 
no mechanism to enforce consistency, except the 
judgement of those making the assumptions in the 
first place. 

We think several major conclusions emerge. 



• The fertility model predictions and the SSA 
Intermediate projections are fairly close. That 
suggests the SSA Intermediate assumptions 
about fertility have captured the "average" 
economic effects embodied in their economic 
assumptions. 

• The fertility model predicts declining fertility 
over the very long term. In contrast, by design, 
SSA holds constant their fertility (and other) 
projections after about 2020. The widening gap 
between the fertility model — based on SSA 
Intermediate assumptions — and the SSA 
Intermediate projection suggests that SSA might 
want to consider moving their "hold constant" 
date out to 2050 or so, in order to capture trends 
that might reasonably be expected in the long 
term. 

• The differences between the fertility model 
predictions and the Intermediate case (the 
fertility model always predicts lower fertility) 
suggests that SSA may want to consider 
lowering their Intermediate fertility projection, 
especially if the "hold constant" date is extended. 

• Given that the fertility model predicts lower 
fertility than the Intermediate case — even with 
Intermediate economic assumptions - SSA 
might want to consider lowering their fertility 
projections associated with both the High Cost 
(low fertility) alternative and the Low Cost (high 
fertility) alternative. 

• The evidence from Chart 4 suggests that the 
High Cost and Low Cost bounds are 
exceptionally wide, and that allowing fertility to 
be determined partially by the values of the other 
projected variables would result in considerably 
narrower bounds. 

In this paper we have explored only one avenue of 
interaction between demographics and the economy, 
and examined the effects on an important set of 
projections that are often used for public policy 
purposes. In our future work, we intend to build a 
simulator that will allow full, joint determination of 
the important demographic and economic variables 
that underlie projections of the OASDI trust funds. 



Appendix A: Cross Section Fertility Regression Results 



Cross section fertility equations were estimated using data from the Integrated Public Use Microdata Sets (EPUMS). 
These equations were estimated using the Heckit procedure to adjust for sample selection bias. Details of the 
estimation and the equation are found in Dowd (1999), especially pages 20-33. 

Logit Estimation of the Probability of Birth (Log(p/l-p)=XB, where p=Prob(birth=l)) 





1970 


1980 


1990 


Elasticities 








Age 


9.904 


14.226 


15.593 


Age Squared 


- 8.724 


-10.432 


-11.412 


Wage OLS 


-0.524 


-3.037 


-2.315 


Other Hhld Income 


0.028 1 


0.060 


0.074 


Tax Value State Exemption 


-0.040 3 


-0.172 


0.010 3 


State Tax Rate 


-0.255 


-0.106 


-0.166 


EITC 




0.027 


0.027 


Education 


0.423 


1.358 


1.332 


Married 


57.6 


219.9 


160.9 


Married Quarter 1 


693.4 


69.7 




Married Quarter 2 


771.7 


76.9 




Married Quarter 3 


743.6 


78.5 




Married Quarter 4 


722.4 


72.8 




Husband Labor Participation 


83.2 


117.8 


194.4 


No. Children 1< age < 5 


82.6 


75.0 


130.8 


No. Children age >= 5 


11.3 


25.5 


34.4 


Twins at First Birth 


-7.1 3 


36.8 


12.7 2 


Twins at Second Birth 


-10.6 3 


- 39.7 


-21.9 


First 2 children same gender 


1.8 3 


14.2 


7.0 


Two or More Children 


-51.7 


- 60.7 


-58.8 


Husb. Part. * No. Child l<age<5 


-44.6 


-34.8 


-47.1 


Husb. Part. * No. Child age>=5 


-18.4 


-35.1 


-37.1 


Teenager 


-33.4 


9.8 


52.7 


- 2 Log L 








Intercept and Covariates 


132493 


152539 


163059 


Intercept Only 


177361 


199490 


204391 



Source: Dowd (1999), p, 224, 

All estimates are significant at the 1% level unless noted otherwise below. 1 Significant at the 5% level. 2 
Significant at the 10% level. 3 not significant. Other variables not shown here are dummy variables for 
immigration status, metro status, racial and ethnicity background, and for the 1980 and 1990 years indicators 
of English speaking capabilities, and school attendance in the previous year. In addition, all of the full 
specifications included occupational and state dummies. Married in quarter 1-4 are all statistically different 
from each other in both 1970 and 1980. EITC is created for all women regardless of number of children in 
household* 
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Table 1: Model Elasticities 



Model Elasticities From 1% increase 1993 - 2050 



Year 


1997 


2020 


2050 


Total Fertility Rate Elasticity with respect to 








Wages, real 


-4.1 


-3.9 


- 4.7 


Unemployment 


-3,0 


-3.4 


-4.3 


Personal Income, real 


0.5 


0.9 


1.2 


Source: Dowd (1999). p. 146 



Table 2: Selected SSA Economic and Demographic Assumptions 





1999 


2005 


2010 


2020 


2050 


Real GDP Growth, annual growth rate in year 


Low 


2.6 


2.5 


2.3 


1.9 


2.1 


Intermediate 


3.4 


2.0 


1.8 


1.4 


1.3 


High 


2.1 


2.4 


1.3 


0.9 


0.4 


Unemployment rate, percent 


Low 


4.4 


4.5 


4.5 


4.5 


4.5 


Intermediate 


4.6 


5.5 


5.5 


5.5 


5.5 


High 


4.6 


6.5 


6.5 


6.5 


6.5 


Real Wage Growth, annual growth rate in year 


Low 


1.6 


1.3 


1.5 


1.4 


1.4 


Intermediate 


1.0 


1.0 


1.0 


0.9 


0.9 


High 


0.7 


1.1 


0.5 


0.4 


0.4 


Labor Force Growth, annual growth rate in year 


Low 


1.3 


1.0 


0.8 


0.3 


0.5 


Intermediate 


1.2 


0.9 


0.6 


0.2 


0.1 


High 


1.1 


1.0 


0.5 


0.1 


-0.3 


Total Fertility Rate, births per thousand women 


Low 


2050 


2080 


2110 


2180 


2200 


Intermediate 


2030 


2000 


1970 


1920 


1900 


High 


2010 


1910 


1830 


1650 


1600 


Source: 1999 Annual Report of the Board of Trustees of the Federal Old-Age , and Survivors 
Insurance and Disability Insurance Trust Funds , pp. 58-59, 62-63. 
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1. Introduction 

The business cycle is the long recognized deviation of 
economic activity from the trend. One definition of a 
recession is two or more successive quarters where the 
inflation-adjusted GDP (gross domestic product) de- 
clines. This sort of definition is good because it does 
not depend on the trend model. For example, the 
moving average is a very good trend model, but its 
proper reference point is the middle of the sampling 
period. Half of the sampling period may be a much 
longer time than the range of validity of the forecast. 
An alternative is another low-pass filter, the ramp fil- 
ter, whose reference point is the end of the sampling 
period [Morrison & Morrison, 1997]. The ramp filter 
is optimized for forecasting; other trend models that 
can and have been used include differencing and poly- 
nomial regression. 

Business cycles are disruptive to both individuals and 
organizations. All human beings need to have food 
and shelter on a continuing basis; we cannot hibernate. 
To survive, everybody needs a regular minimal income, 
however provided. Recessions cause job losses, under- 
employment, and other hardships which most strongly 
affect low-income people. 

Major governments and established businesses can 
easily survive recessions and even depressions by bor- 
rowing. Interest rates usually will be low. Marginal 
businesses, however, may collapse. Weak governments 
may devalue and print money, eventually producing 
hyperinflation and capital flight. During the past few 
years all these events have occurred in Mexico and the 
once formidable Asian “Tigers.” Japan remains mired 
in a recession and Europe has high unemployment. In 
sharp contrast, the U.S. economy has been booming for 
the most recent quarters (1998, III & IV; 1999, I) re- 
ported by DoC (the U.S. Department of Commerce). 

Private sector forecasters and academics who have 
business clients are very much attuned to the business 
cycle. By contrast, those federal agencies whose mis- 



sions are not closely tied to the level of economic activ- 
ity have been able to ignore it, at least until the past 
decade. The federal budget has evolved over the years 
so that non-discretionary items have grown and most 
of these expenses are higher during recessions, just 
when tax revenues are dropping. As a consequence, 
every federal forecaster now has some interest in the 
business cycle, which will affect appropriation levels, 
even if the agency mission is not in the realm of eco- 
nomics. 

2. Bynames of the Bonsnimess Cycle 

Many economists have attempted to “explain” the 
business cycle. The alternating build up and sell off of 
inventories has often been mentioned. Excess capacity 
due to overinvestment is another possibility. A whole 
host of factors can be examined, but it is not possible to 
offer any kind of scientific proof that any one thing is 
the principal cause. Even the statistical correlations do 
not always hold [Samuelson, 1976, pp. 249-268]. 

Various fiscal and monetary policies have been used in 
an attempt to smooth out the business cycle. The basic 
concept is for the national government to restrain 
booms with higher taxes and thereby build up sur- 
pluses. When the recession does come, then govern- 
ment will be able to pay for infrastructure projects and 
provide unemployment insurance, as well as other 
“safety net” benefits, without having to run deficits. 
One problem with this concept is lack of fiscal and 
political discipline, spending programs win elections 
and tax increases lose them. 

Monetary policy also has been used to combat the busi- 
ness cycle. Expanding the money supply and reducing 
interest rates can stimulate growth, but more so during 
a period of expansion than during a recession. One 
casualty of monetary policy has been the purchasing 
power of the dollar and all other currencies. It is diffi- 
cult to quantify this over long periods, since technology 
and product mix have changed drastically, but it is safe 
to say that anyone holding fixed-income investments 
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for more than a decade has lost buying power with the 
exception of the period 1932-1941. 

There is good reason to doubt that the business cycle 
can ever be eliminated. This is assuming a level of 
determinism that just does not happen in complex, 
dynamical systems. Modem physics has shown that 
we do not have a “clockwork” universe. Chaos and 
randomness abound. Einstein was wrong on this one. 
God does not merely play dice; He is an habitual gam- 
bler. 

To the extent that supply and demand do define 
“laws,” they provide “clockwork” that is full of slack 
and subject to backlash. The whimsy of consumers, or 
even of professional purchasing agents, does not seem 
to average out to smooth curves. The natural world 
contributes its own random forces, what with climatic 
variations and natural disasters. 

Econometric time series, after detrending, can be sub- 
jected to spectral analysis. ACFs (autocorrelation func- 
tions) can be computed and used in forecasting. For a 
perfectly predictable process the power spectrum is a 
few spikes (Dirac delta functions). A completely un- 
predictable process has a flat power spectrum; that is 
the definition of “white noise.” Of course, “white 
noise” does not exist in the real world; it has infinite 
energy. It is a useful concept for linear systems theory, 
however. “Pink noise” is what one actually observes; it 
is cut off at the higher frequencies, which are blue in 
the optical spectrum [Morrison, 1991, pp. 280-302], 

We have found that all the econometric time series we 
have examined have fairly smooth, gradually decreas- 
ing power spectra. This is what one expects if the law 
of supply and demand is approximated by the classic 
cobweb model (a damped, linear oscillator) disturbed 
by a white (really pink) noise input. If the damping is 
nonlinear, and weaker for small variations from equi- 
librium, the filtering action of the market dynamics 
will be weaker most of the time. Large deviations are 
damped more strongly, producing the limited short- 
term predictability and long-term stability observed in 
economic, ecological, and climatological systems. 
Quantitative analysis of these data may require simu- 
lations with nonlinear ODEs (ordinary differen tial 
equations) [Morrison, F. & N.L. Morrison, 1999], 

Linear filtering may still be used as a forecasting 
method, since all it requires is a reasonably stable 
power spectrum (or ACF). However, to understand the 
limits to controlling the business cycle and ways to 
avoid depressions will almost certainly require looking 



at the nonlinearities in the economic system and also in 
ecological and geophysical systems. The caveat here is 
to construct models and simulations that are minimal 
so that the rounding and truncation errors do not take 
control of the calculations at the very first step. 

3. A Minimal Business Cycle Model 

Aggregation is one of the ways to simplify overly 
complex systems so they can be modeled by equations 
of limited accuracy and arithmetic of limited precision. 
Using only two variables is ideal. One represents 
‘everything” and the other the feedbacks that control 
it. The conceptual model is the Volterra predator-prey 
system pavis, 1962; Luenberger, 1979], Upon line- 
arization at the equilibrium point, this degenerates into 
the harmonic oscillator. 

The Volterra system is two nonlinear ODEs. The prey 
equation is exponential growth with a quadratic feed- 
back. The predator equation has a quadratic growth 
term and an exponential decay term to model deaths 
due to old age. The solutions are periodic for positive 
initial conditions, offering an explanation for observed 
population cycles. Such a model is really qualitative, 
despite the level of mathematical sophistication. Obvi- 
ously, the growth rate of the predator population is 
limited, no matter how large the available prey. How- 
ever, in the days before computers, a solvable system 
was to be preferred to a more precise one. 

The next question is why the cycles persist, since the 
equations are unstable. Unstable how? Even a slight 
perturbation could destroy the periodicity, converting 
the solution into a collapse into the equilibrium. What 
preserves the observed periodicity? One possibility is 
that the perturbations create a limit cycle, not a col- 
lapse [Mesterton-Gibbons, 1989, pp. 154-7], Another 
is that random noise inputs keep the cycle “alive.” 
These are not mutually exclusive hypotheses. Noise 
always exists at some level and, except for rare cases 
like the motions of the major planets, is a powerful 
influence. This is one reason few physical or biologi- 
cal and no social sciences will ever attain the precision 
levels of celestial mechanics. 

Dynamically speaking, the business cycle is a similar 
problem. However, the “cycles” observed do not ex- 
hibit regular periods. Neither do all population data 
sets. This implies that the undisturbed market dynam- 
ics do not yield a limit cycle, but a collapse to equilib- 
rium. 
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Such qualitative analysis should always be done before 
committing equations to paper, let alone code to a 
computer. The modeler needs a catalogue of simple 
dynamical models, as well as analytical and computer 
skills. Mathematical equations can easily take on a life 
of their own, devoid of any connection to reality. 

In the case of the business cycle, it is not necessary to 
reinvent any wheels to get a two-variable model. Indi- 
ces of leading and coincident indicators were compiled 
decades ago by DoC, though the effort now continues 
under the aegis of The Conference Board in New York 
City. An index of lagging indicators also is being kept; 
some economists prefer it and use it in their forecast- 
ing, often in an inverted form. 

The coincident index acts as a stand-in for GDP, with 
the advantage of having monthly, rather than quar- 
terly, values. The leading index, then, must represent 
the feedbacks that eventually will curtail growth and 
render it negative for two or more quarters. In such a 
model, the huge number of variables is not only aggre- 
gated, it is edited. 

To create a business cycle model, the indices must be 
detrended. To do this we applied a 60-point ramp filter 
to the logarithms of the indices of leading and coinci- 
dent indicators [Morrison & Morrison, 1997, 1998]. 
Then a phase plane plot is created, producing a phase 
angle , the most important parameter in the business 
cycle, as well as an amplitude. This is an unambigu- 
ous, if not perfect, answer to the question, “Where are 
we in the business cycle?” Revisions made to the indi- 
ces by both The Conference Board and its predecessors 
at DoC have left these phase angles virtually un- 
changed, considering the possible precision they could 
offer [Morrison & Morrison, 1998]. 

4k Whait Has the Modefi Pome for Us Lately? 

The question now is, what does the model tell us about 
the period since the last Federal Forecasters Confer- 
ence, which has seen significant growth, low inflation, 
low unemployment, and a booming stock market. And 
what, if anything, does it suggest about the future? 

In February 1996 the model suddenly decayed into the 
origin, after being on a fast track for the recession- 
prone fourth quadrant. This did happen shortly after 
the current stock market boom began in December 
1995. Needless to say, we were surprised by both. 
Figure 1 illustrates the behavior of the model since 
January 1990. 



Stalls in the model are nothing new. Significant ones 
occurred in 1964-66, 1981, 1990, and 1994, but these 
did not occur near the origin [Morrison & Morrison, 
1997]. However, the only sure thing about business 
cycles is that no two are the same. This recent stall has 
lasted longer than any of these others too. 

To try to see what has been going on, we made a new 
graph at a much larger scale. Figure 2 is this plot of 
the model during the stall that still persists. The results 
do not look like a classic “random walk,” but perhaps 
like two random walks in succession. Qualitatively, 
this is reminiscent of the famous Lorenz “butterfly” 
pattern. 

One possibility is that the business cycle finally has 
been tamed. What is mysterious is how this was sud- 
denly done in February 1996. Did the U S. Treasury 
and the Federal Reserve Bank start doing everything 
just right? How did the stock market anticipate this? 
And how has the U S. economy remained so stable 
while much of the world has been stagnant or in de- 
cline? 

Numerous writers in the Wall Street Journal have sug- 
gested that the new information and service economy is 
inherently less cyclical than manufacturing. Others 
claim that just-in-time inventory management has 
eliminated business cycles. Both may be true to some 
extent. / 

One possibility, of course, is that the model has failed. 
If so, a recession will start and be noticed while the 
model stays on dead center or even goes the wrong 
way. 

Our interpretation is that the model is accurately re- 
flecting the anomalous U S. prosperity. For one thing, 
flight capital from Asia and Latin America has helped 
to offset the chronic U S. balance of payments deficits. 
Money has poured into the stock market rather than 
into consumer purchases, so inflation has remained 
tame. In other words, the period 1996-1999 (to date) 
has been one of those rare cases where everything goes 
right. 

We might call this the “Whiz Kids theory,” where 
Alan Greenspan and Robert Rubin are the Whiz Kids 
and the inspiration is the 1950 Philadelphia Phillies 
who won their first pennant in 35 years. The question 
is what will happen next? After winning that champi- 
onship in the last game of the regular season on a 
home run by a player who was traded the next year 
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igure 1 The current cycle with June forecast. The business cycle model is a phase plane plot of detrended lead- 
mg and coincident indicators, as x- and y-coordinates, respectively. Normal cycles follow a counterclockwise 
roughly elliptical path with occasional stalls and reversals. Time is indicated along the cycle path. Expansions 
occur in the first quadrant (between 0° and 90°) and contractions in the third quadrant (between 180° and 270°) 
Other angles (second and fourth quadrants) denote transition periods. An “official” (National Bureau of Economic 
Research) beginning of a recession is indicated by a label “B” and an end by “E ” 
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Figure 2 (displayed with x-axis vertical). Larger scale plot of the recent (May 1996 — April 1999) business cycle 
stall. One point from the forecast (May 1999) is included Note that the indicators used to construct the model are 
released about two months after the fact, so a forecast is needed to provide an estimate of the current value. 
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(Dick Sisler), the Phillies were blown out of the World 
Series in four straight. 

We doubt that the business cycle has been tamed, be- 
cause we suspect that the necessary level of control 
does not exist. However, our time series forecasts will 
not predict the start of the next recession, since the 
whole apparatus amounts dynamically to turning off 
the noise and letting the system decay to equilibrium. 
Since the system is already there, the forecast is not 
going to go anyplace until powerful new signals appear 
in the data. This property of time series forecasts is 
well worth knowing and demonstrates their limits. 

One thing all this indicates is that better dynamical 
models of the business cycle are needed. These may 
well already exist at the Federal Reserve or Treasury, 
but for obvious reasons have not been published. Pri- 
vate vendors do supply such forecasts, and charge hefty 
subscription fees, but many institutions, both public 
and private, would want to keep their models proprie- 
tary. 

One tool we have devised for creating such models is 
the CNC (continuous numerical continuation) ODE 
solver. A brief presentation of it is being made at this 
Conference. 

5. The Business Cycle: Interpretation and Forecasts 

Those who have done forecasts with real data know 
that the results are rarely as precise as one desires. 
Methods that produce error estimates, and many good 
ad hoc methods do not, usually let you know that in 
advance. And, of course, future data values often differ 
from the forecast by one or two or more standard de- 
viations. 

Certain modeling techniques can introduce instabili- 
ties. Polynomial regression for trend models is an 
obvious example. Differencing to detrend data can 
amplify noise. Even an ad hoc method that is stable 
and reliable will be giving forecasts that are more a 
product of the mathematics than the data. 

Forecasters should understand what dynamical prop- 
erties are assumed by a methodology. In the case of 
linear filtering, as mentioned above, it means turning 
off the noise input to a damped linear oscillator. How- 
ever, one may consult a text and find only a minimum 
variance derivation of the equations with no direct ref- 
erence to the dynamical interpretation. The noise is 
effectively turned off because it is assumed to have zero 
expected value, but the variance estimate climbs as- 



ymptotically to the noise signal power because the 
mean square value of the noise is assumed to remain 
constant. 



What does this mean for the business cycle or other 
forecasting applications? A forecast is often more use- 
ful for detecting anomalies or trend shifts than predic- 
tion. The message from the business cycle model is 
that things are abnormally stable compared to what has 
been the case over the past 40 years, despite financial 
and economic crises around the world in a period of 
increasing “globalization.” One hypothesis is that the 
U.S. has been uniquely successful in attaining stable 
growth, despite the troubles elsewhere. A second is 
that the “Whiz Kids” at the Federal Reserve and 
Treasury have been unusually lucky. Which is correct? 
Place your bets, as many have done in the stock mar- 
ket. 

Table 1 gives recent GDP values, growth rates, and a 
forecast. Table 2 provides recent numerical values for 
the business cycle model, as well as a forecast.. The 
GDP forecast was generated by a 32-point linear filter, 
where the ACF is obtained from a 128-point FFT (fast 
Fourier transform). Both indices are forecast with 16- 
point linear filters; the ACF comes from a 512-point 
FFT. The trend model is a 60-point ramp filter in both 
cases. 



Quarter 


Value 


CT 


Growth 

Rate 


1999/1 


7754.7 


0.0 


4.07% 


1999/11 


7782.8 


57.7 


1.46% 


1999/111 


7850.9 


95.1 


3.55% 


1 999/1 V 


7901 .6 


121.5 


2.61% 


2000/1 


7915.3 


140.5 


0.70% 


2000/11 


7973.8 


154.3 


2.99% 


2000/111 


8000.5 


162.9 


1.35% 


2000/IV 


8012.4 


169.5 


0.60% 


2001/1 


8055.0 


175.2 


2.14% 


2001/11 


8092.7 


177.1 


1.89% 


2001/111 


8143.3 


178.5 


2.52% 


2001 /IV 


8143.7 


178.6 


0.02% 



Table 1. Forecasts of GDP in billions of chained 1992 
dollars, including the most recent estimated value, 
1999/1. 
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Date 


Pl 


Pc 


R 


0 Quad 


Observed 


1995/01 


-0.075 


2.828 


2.829 


91.5 


II 


1995/02 


-0.423 


2.517 


2.552 


99.5 


II 


1995/03 


-0.760 


2.204 


2.331 


109.0 


II 


1995/04 


-0.975 


1.814 


2.060 


118.3 


II 


1995/05 


-1 .083 


1.432 


1.796 


127.1 


II 


1995/06 


-0.999 


1.409 


1.727 


125.3 


II 


1995/07 


-0.825 


0.940 


1.251 


131.3 


II 


1995/08 


-0.557 


1.017 


1.160 


118.7 


II 


1995/09 


-0.568 


0.911 


1.073 


122.0 


II 


1995/10 


-0.651 


0.732 


0.979 


131.6 


II 


1995/11 


-0.620 


0.741 


0.966 


129.9 


II 


1995/12 


-0.404 


0.579 


0.706 


125.0 


II 


1996/01 


-0.831 


0.019 


0.831 


178.7 


II 


1996/02 


-0.040 


0.437 


0.439 


95.2 


II 


1996/03 


0.046 


0.327 


0.330 


82.0 


1 


1996/04 


0.308 


0.383 


0.491 


51 .2 


1 


1996/05 


0.548 


0.515 


0.752 


43.2 


1 


1996/06 


0.672 


0.544 


0.865 


39.0 


1 


1996/07 


0.590 


0.404 


0.715 


34.4 


1 


1996/08 


0.614 


0.439 


0.755 


35.6 


1 


1996/09 


0.636 


0.300 


0.704 


25.2 


1 


1996/10 


0.566 


0.175 


0.592 


17.2 


1 


1996/11 


0.686 


0.226 


0.723 


18.2 


1 


1996/12 


0.535 


0.115 


0.547 


12.1 


1 


1997/01 


0.748 


0.176 


0.769 


13.2 


1 


1997/02 


1.120 


0.390 


1.187 


19.2 


1 


1997/03 


1.002 


0.346 


1.060 


19.0 


1 


1997/04 


0.893 


0.379 


0.971 


23.0 


1 


1997/05 


0.969 


0.249 


1.001 


14.4 


1 


1997/06 


0.950 


0.290 


0.993 


17.0 


1 


1997/07 


1.207 


0.406 


1.273 


18.6 


1 


1997/08 


1.169 


0.282 


1.202 


13.6 


1 


1997/09 


1.225 


0.322 


1.267 


14.7 


1 


1997/10 


1.270 


0.355 


1.318 


15.6 


1 


1997/11 


1.205 


0.381 


1.263 


17.5 


1 


1997/12 


0.940 


0.403 


1.023 


23.2 


1 


1998/01 


0.968 


0.422 


1.056 


23.6 


1 


1998/02 


1.173 


0.439 


1.252 


20.5 


1 


1998/03 


1.196 


0.466 


1.284 


21.3 


1 


1998/04 


1.030 


0.329 


1.081 


17.7 


1 


1998/05 


0.875 


0.355 


0.944 


22.1 


1 


1998/06 


0.547 


0.149 


0.566 


15.2 


1 


1998/07 


0.781 


-0.035 


0.782 


357.5 


IV 


1998/08 


0.636 


0.180 


0.661 


15.8 


1 


1998/09 


0.500 


0.072 


0.505 


8.2 


1 


1998/10 


0.457 


0.050 


0.460 


6.3 


1 


1998/11 


0.762 


0.180 


0.783 


13.3 


1 


1998/12 


0.765 


0.144 


0.778 


10.7 


1 


1999/01 


1.028 


0.043 


1.029 


2.4 


1 


1999/02 


1.099 


0.171 


1.112 


8.8 


1 


1999/03 


0.880 


0.128 


0.889 


8.3 


1 



Date P L Pc R 9 Quad 

Observed 



1999/04 


0.590 


0.011 


0.590 


1.1 


1 


Forecast 

1999/05 


0.400 


-0.027 


0.401 


356.2 


IV 


1999/06 


0.307 


-0.064 


0.313 


348.3 


IV 


1999/07 


0.224 


-0.098 


0.243 


336.7 


IV 


1999/08 


0.138 


-0.059 


0.150 


336.6 


IV 


1999/09 


0.055 


-0.099 


0.113 


299.2 


IV 


1999/10 


0.060 


-0.068 


0.091 


311.1 


IV 


1999/11 


-0.111 


-0.120 


0.164 


227.1 


III 


1999/12 


-0.186 


-0.177 


0.257 


223.6 


III 


2000/01 


-0.340 


-0.163 


0.377 


205.6 


III 


2000/02 


-0.473 


-0.147 


0.495 


197.3 


III 


2000/03 


-0.586 


-0.204 


0.620 


199.2 


III 


2000/04 


-0.595 


-0.249 


0.645 


202.7 


III 


2000/05 


-0.509 


-0.211 


0.551 


202.6 


III 


2000/06 


-0.598 


-0.180 


0.625 


196.7 


III 


2000/07 


-0.596 


-0.139 


0.612 


193.1 


III 


2000/08 


-0.685 


-0.179 


0.708 


194.7 


III 


2000/09 


-0.590 


-0.145 


0.607 


193.8 


III 


2000/10 


-0.578 


-0.182 


0.606 


197.4 


III 


2000/1 1 


-0.647 


-0.218 


0.683 


198.7 


III 


2000/12 


-0.710 


-0.250 


0.752 


199.4 


III 



Table 2. Recent and forecast values for the business 
cycle state variables. Pl is the x-coordinate and Pc is 
they-coordinate, which are the percent deviations from 
the trend of the indices of leading and coincident 
indicators. R is the radial coordinate and 9 the phase 
angle in degrees; Quad is the quadrant of 9. 



For federal forecasters the nature of the dilemma de- 
pends on whether the client base is the general public 
or the agency itself, and on what the agency mission 
area is. Some industries and many agencies are non- 
cyclical. Manufacturing is highly cyclical, so are most 
transportation companies. 

If a recession does materialize, Treasury will see a fall 
in revenues and watch the hypothetical surplus disap- 
pear. Agencies that maintain the “safety net” will need 
more resources. If the recession is severe, there will be 
political pressure to start inf rastructure programs, as in 
Japan (and during the New Deal era in the USA). 

The conservative strategy is to prepare for a future one 
or two standard deviations on the downside. It is al- 
ways easy to cope with good times. Even if the 
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“gloom-and-doom” crowd is finally right (and we 
doubt that the business cycle has been tamed or that 
depressions are a thing of the past), you and your or- 
ganization will be better situated than most. 
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THE ROLE OF THE UNEMPLOYMENT RATE AND THE CAPACITY UTILIZATION 

RATE IN EXPLAINING INFLATION 

Paul Sundell, USD A, Economic Research Service 



Despite the unemployment rate falling in the late 1990’s 
to its lowest level since the late 1 960’s, inflation continued 
to fall in recent years. The combination of a low 
unemployment rate and falling inflation has surprised the 
vast majority of macro economists. The apparent break in 
the relationship between the unemployment rate and 
changes in the inflation rate has caused many economists 
to reevaluate their views on the level of the unemployment 
rate currently consistent with stable inflation over the 
longer term. Economists have long attempted to estimate 
the nonaccelerating inflation rate of unemployment 
(NAIRU). When the unemployment rate falls below the 
NAIRU, tight labor markets place upward pressure on 
wage and non-wage benefits in excess of productivity 
gains, which in turn places upward pressure on inflation. 

The significance of the relationship between changes in 
inflation and the gap between the unemployment rate and 
the NAIRU, as well as the stability and measurability of 
the NAIRU are important in policy debates concerning 
not only the inflation outlook, but the outlook for short- 
term real growth, interest rates, and exchange rates also. 
Current views on the usefulness of the unemployment rate 
and the NAIRU in predicting inflation vary significantly 
among economists, with increasing numbers of 
economists (such as Gordon, Stiglitz, and Phelps) arguing 
that the NAIRU has dropped significantly in die 1990’s. 

My empirical work extends the work of authors such as 
King, Staiger, Stock, Watson, and Gailbraith, who argue 
the NAIRU is highly variable and uncertain and thus is of 
very limited use as an predictor of changes in inflation. I 
extend their work by estimating the NAIRU with a 
demographically adjusted unemployment rate variable. 
In addition, I include a time varying nonaccelerating 
inflation rate of capacity utilization (NAIRCU) with a 
time varying NAIRU variable in my empirical work to 
examine their joint and individual significance in 
explaining changes in inflation. 

The empirical work produces four main conclusions 
concerning the relationship between changes in inflation 
and the level of the unemployment rate, and capacity 
utilization in the manufacturing sector. First, the 
NAIRU is highly uncertain over time and cannot be 
measured with a high degree of precision. Uncertainty 
in estimating the NAIRU is shown by estimating time 



varying NAIRU’s over the 19711 through 1998IV period 
using the Kalman filter approach. Under varying 
assumptions concerning quarterly variability in the 
NAIRU, widely differing NAIRU estimates were 
produced that were largely indistinguishable in their 
ability to explain one quarter ahead movements in 
inflation, as evaluated by their of their log-likelihood 
statistics. King, Stock, and Watson and Staiger, Stock, 
and Watson originally pointed out the difficulty in 
statistically distinguishing different time varying NAIRU 
estimates. 

The second conclusion of my research is the variability of 
the NAIRU is not primarily due to demographic shifts. 
Some authors most notably Perry, Gordon, and Motley 
have argued that shifts in the proportion of workers in 
terms of age and sex have been sufficiently large to cause 
substantial variability in the NAIRU. For example, when 
the work force has abnormally high percentages of 
workers groups with higher than average unemployment 
rates, such as the young, the NAIRU will be higher. I 
constructed a demographically adjusted unemployment 
rate series that used average long-term proportions of 
unemployed workers by age and sex to control for 
demographic shifts. The demographically adjusted 
unemployment rate displayed only very marginally more 
explanatory power in explaining changes in inflation than 
the aggregate unemployment rate for workers 1 6 and over 
reported by BLS. 

The third and most important conclusion of my research 
is that the nonaccelerating inflation rate of capacity 
utilization rate for manufacturing (NAIRCU) has much 
more explanatory power in explaining changes in inflation 
than the NAIRU. High rates of capacity utilization 
typically entail the use of marginally less productive 
resources and the opportunity for greater profit margins in 
markets where firms have some market power in 
determining prices (McElhattan, and Corrado and 
Mattey). High rates of capacity utilization also influence 
the aggressiveness that firms display in negotiating labor 
market contracts. When capacity is tight, firms are more 
concerned with their ability to provide sufficient goods in 
order to maintain long-term customer relationships and 
therefore firms are more likely to agree to wage demands 
in excess of productivity increases. Profitability tends to 
be high when capacity utilization is high, which further 
increases the likelihood that firms will acquiesce to higher 
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wage demands. 

In this study, the inclusion of the gap between capacity 
utilization and the estimated NAIRCU was highly 
significant in predicting inflation. Equally important, the 
inclusion of the gap between actual capacity utilization 
and the estimated NAIRCU caused the estimated gap 
between the unemployment rate and the NAIRU to 
become insignificant in predicting changes in inflation. 

Fourth, the final equation for the change in inflation (as 
measured by the GDP chain weighted GDP deflator) 
explained over 56 percent of the variation in the change in 
inflation over the 1971I-1998IV period. Explanatoiy 
variables in this final equation in addition to lagged 
changes in the rate of inflation, included real relative price 
shock variables, and the gap between the current rate of 
manufacturing capacity utilization and an estimated fixed 
NAIRCU of 8 1 .3 The real relative price shock variables 
included shifts in real food, energy, and import prices, as 
well as differences between overall inflation and growth 
in unit labor costs. The capacity utilization gap variable 
was significant at the one percent level and the residuals 
from the inflation equation were free of serial correlation 
and fit the recent years of decelerating inflation well. As 
was the case for the change in inflation equations that did 
not include relative price shock variables, the inclusion of 
the gap between the unemployment rate and the NAIRU 
was not significant when the gap between manufacturing 
capacity utilization and the NAIRCU was included in the 
equation. 

Statistical Methods and Discussion of Empirical 
Results 

Estimating the NAIRU . 

The NAIRU is estimated using a stochastic coefficients 
models whereby both the NAIRU and NAIRCU are 
postulated to follow a random walk. The models are 
estimated using the Kalman filter procedure. The 
Kalman filter uses a linear state variable updating 
procedure whereby the error in the observational equation, 
in this case U, from the change in inflation equation, is 
used to update the prior estimate of the state variables, in 
this case the NAIRU and NAIRCU variables. An 
excellent introduction to the Kalman filter is provided in 
Meinhold and Singpurwalla. The base equation for the 
change in inflation takes the form of equation 1. 

(1) aINF, = A + Bj 2 L'a Inf t .j + Cj 2 V (UN - 
NAIRU), + U, : 



where AINF, is the change in inflation, , UN is the 
unemployment rate and NAIRU, = NAIRU,., + el t . el, is 
a normally distributed error term that is serially 
uncorrelated. L' is the lag operator and is used to form 
the lag polynomial (1-B, L'), which is postulated to 
produce characteristic roots that are less than one in 
absolute value. Characteristic roots that are less than one 
in absolute value insure that the difference equation is 
stable in the long run such that if the unemployment rate 
is equal to the NAIRU, inflation will also be stable in the 
long-run. Furthermore, the impact of a one period shock 
to the observational error term will decay over time. The 
base unemployment rate in this study is the BLS 
seasonally adjusted aggregate unemployment rate for 
workers 16 years of age and older. 

In estimating the NAIRU in equation 1 , various plausible 
values for the variance of el, are specified in advance and 
the log- likelihood statistics of these estimated equations 
for various levels of NAIRU variability are then 
compared. Best overall fit in terms maximizing the 
likelihood function is one important criteria used in model 
selection. The constant NAIRU model is nested in the 
general time varying model of the NAIRU. If the variance 
of el, is zero, the NAIRU is constant over time. The 
constant NAIRU model may be estimated by an OLS 
regression where the change in inflation is regressed on a 
constant and current and lagged values of the 
unemployment rate. The estimate of the NAIRU in the 
constant NAIRU case estimated by OLS is equal to 
negative of the constant term divided by the sum of the 
coefficients on the unemployment rate variable. 

The dependent variable used in this study is the change in 
the inflation rate. Some authors have used the level of 
inflation while others have used the change in inflation as 
dependent variables in their NAIRU equations. In order 
to use standard t statistics in hypothesis testing, the 
dependent variable should be stationary and all 
explanatory variables either stationary or cointegrated 
(Baneijee et al., pp. 187-190). 

In determining whether the dependent and independent 
variables were stationary, the sequential unit root testing 
procedure recommended by Enders (pp. 254-258) was 
used. Ender’s sequential unit root testing procedure 
begins by testing the time series for a unit root in a general 
time series model that includes drift and time trend terms. 
If the unit root model is not rejected in this general model, 
various t and F tests are performed to test for the presence 
of time trend and drift terms, along with various other unit 
roots tests that depend upon whether drift and or time 
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trend terms are present. The sequential unit root tests 
indicated that inflation as measured by the GDP and CPI 
deflators both contained unit roots and thus required 
differencing to achieve stationarity. 

Em pirical Results 

Figure 1 shows the empirical results for equation 1 for 
various assumed levels of variability in the NAIRU. In 
the figure, NAIRUOO corresponds to the constant NAIRU 
over time case. NAIRU01 corresponds to quarterly 
variation in the NAIRU of .01 percent, while NAIRU02 
corresponds to assumed quarterly variation in the NAIRU 
of .02 percent, etc. It is unlikely that factors that influence 
the NAIRU over the intermediate term, such as the supply 
and skills of labor, worker uncertainty, and shifts in 
underlying productivity growth, will shift substantially 
enough on a quarterly basis to produce quarterly 
variability in the NAIRU of more than .04 percent. A 
slightly better fit was achieved by including the 
contemporaneous (t) and lagged unemployment rate (t-1). 
The results of this regression is shown as regression 6 in 
Table 1. The positive coefficient on the lagged 
unemployment rate indicates that in addition to the level 
of the unemployment rate, the change in the 
unemployment rate also impacts inflation (Fuhrer, p.46). 

Most importantly, for the contemporaneous and lagged 
unemployment rate NAIRU equations, the log-likelihood 
estimates for the contemporaneous and lagged 
unemployment rate NAIRU equations were not sensitive 
to assumptions concerning the variability of the NAIRU’s. 
Specifically, although the constant NAIRU assumption 
produced slightly superior log-likelihood statistics, the 
log-liklihood statistics of the constant NAIRU were not 
significantly better than those assuming a positive 
variance for the NAIRU. 1 Thus, the results in Table 1 
indicate the NAIRU as it relates to inflation (as measured 
by the GDP deflator) is highly uncertain. 

Table II shows similar results using the CPI-U as the 
inflation measure. None of the assumed NAIRU variance 



The log-likelihood ratio test states that 2 times the log 
likelihood ratio of the two competing models will be distributed as a 
X2 with k degrees of freedom. If the likelihood statistics are very 
similar and the competing models differ by only one assumed 
parameter in the estimation process, we have little confidence in 
clearly choosing one model over the other based on the likelihood 
statistics. Since we are constraining only one parameter, the state 
variance parameter, the likelihood ratio statistic has one degree of 
freedom and a 5 percent critical value of 3.84. Therefore, the log- 
likelihoods must differ by 1 .92 to be statistically different from one 
another at the five percent significance level. 



equations is statistically superior in terms of its log- 
liklihood. The overall fit of the CPI equations in terms of 
their R 2 is higher than GDP chain weighted deflator 
equations. Much of the better fit of the CPI is due to the 
smaller more homogeneous market basket of goods and 
services in the CPI-U relative to the GDP chain weighted 
deflator and the reduced sensitivity of the CPI-U to 
relative price shocks, especially relative price shocks from 
imports. Consumption contains a greater proportion of 
services than GDP and domestic services face less foreign 
competition than goods. In addition, the CPI-U is less 
affected by falling computer prices than the GDP deflator. 

Table III and Table IV substitutes a demographically 
adjusted unemployment rate for the aggregate 1 6 and over 
unemployment rate used in the Table’s I and II. Shifts in 
the share of the work force between groups with widely 
different unemployment rates over time is likely to have 
some impact on the NAIRU. If over time however, 
employment is fairly substitutable between various labor 
groups as job training increases the substitutability of 
workers by age and sex, the impact of demographic 
factors will be more muted over time. 

For this study, a demographically adjusted unemployment 
rate was generated as a weighted average of four age 
classifications each for men and women. Specifically the 
average relative proportion of the unemployed for male 
and female unemployment falling in the 16 to 19 age 
group, the 20 to 24 age group, the 25 to 54 age group, and 
the 55 and over were computed over the 19711 through 
1998IV period. These average proportions by sex and 
age group were then multiplied by the actual quarterly 
unemployment rates for the respective sex and age class 
to derive a demographically adjusted unemployment rate. 
This approach is similar to the procedure used by Motley 
in deriving his demographically adjusted unemployment 
rate. Comparison of NAIRU estimates using the 
demographically adjusted unemployment rates in Tables 
III and IV were little different from the results using the 
aggregate unemployment rate in Table I and II. The 
similar overall results for the demographically adjusted 
unemployment rate regressions and difficulty in choosing 
a definitive variance for the NAIRU in Tables III and IV 
indicated that problems in identifying the NAIRU are not 
primarily related to demographic factors. 

The gap between the actual rate of capacity utilization in 
manufacturing and the estimated nonaccelerating inflation 
rate of capacity utilization for manufacturing (NAIRCU) 
was added to base equation to obtain equation 2. 
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(2) Alnf, = a + B, E L^Inf,.^ Cj E V (UN - NAIRU), + 
Pj E L k (CAP - NAIRCU), + U, : 
where NAIRU, = NAIRU,. , + el , and NAIRCU = 
NAIRCU,., + e 2,. el and e2 are normally distributed 
error terms that are serially uncorrelated. 

Capacity utilization is the ratio of actual output to 
sustainable maximum output or capacity. Since the 
demand for services is far less variable over the business 
cycle than the demand for goods, the gap between actual 
capacity utilization and the NAIRCU provides 
information on the overall tightness of aggregate demand 
relative to aggregate supply in product markets. In 
addition, because the FRB’s industrial capacity and 
capacity utilization measures are survey based, changes in 
the amount and quality of the industrial capital stock are 
reflected in the actual and sustainable capacity measures 
used to derive capacity utilization. Manufacturing 
capacity utilization is typically used in studies examining 
the link between inflation and capacity utilization since it 
does not include capacity utilization for utilities and 
mining. Capacity utilization for utilities and mining is 
much more volatile on a quarterly basis. 

The inclusion of capacity utilization term (CAP) is 
especially important given the break in the relationship 
between the manufacturing capacity utilization rate and 
the unemployment rate since 1995. The break in the 
relationship between manufacturing capacity utilization 
and the unemployment rate is shown in Figure 2. Since 
1995, while the unemployment rate has fallen sharply, 
capacity utilization has declined. The fall in capacity 
utilization since 1995 reflects the very strong pace of 
business investment in the mid to late 1990's coupled with 
strong foreign competition resulting from the strong dollar 
and overall relatively mild foreign growth. Over the 
1 97 1 1- 1 994IV period the correlation between capacity 
utilization and the unemployment rate was -0.88. Over 
the 19951-1 9981 V period their correlation has been 0.48. 
The break in the relationship between the unemployment 
rate and capacity utilization since 1995, provides us an 
opportunity to more easily and accurately disentangle the 
roles of capacity utilization and the unemployment rate in 
the inflation process. 

Table V presents the empirical results of estimating 
equation (2) for the change in inflation as measured by the 
GDP deflator. Most striking is the finding that the 
inclusion of the capacity utilization NAIRCU gap term is 
significant at the one percent level and its inclusion 
eliminates the significance of the unemployment rate 
NAIRU gap terms. Specifically, the unemployment rate 



terms becomes individually and collectively insignificant. 
In addition, the estimate of the NAIRCU in Table 5 
displays less long-term drift for various levels of assumed 
quarterly variability in the NAIRCU then the NAIRU 
series estimated in Table I. Therefore the capacity 
utilization - NAIRCU relationship is stronger and more 
stable than the unemployment rate- NAIRU in explaining 
changes in inflation. 

A valid further examination of the role of capacity 
utilization and the unemployment rate in the inflation 
process is to include relative price shocks in the analysis. 
In the absence of important relative price shocks, the 
estimated short-term NAIRU and NAIRC may change due 
to temporary large shifts in relative inflation for especially 
important commodities and services. Table VI presents 
the results of estimating equation 3 below, which includes 
other terms Z, such as relative price shock terms for food 
energy and import prices and the recent the gap in the 
growth of output prices as measured by the GDP chain 
weighted deflator and unit labor costs. 

(3) Alnf t = a + B, 2 L'a Inf t _, + Cj 2 V (UN t - NAIRU), 
+ D k 2 L k (CAP- NAIRCU), + E, 2 L 1 Z, + 
U t : 

where NAIRU, = NAIRU, + ql and NAIRCU = 
NAIRCU,., + e2, 

The relative price shock term for food and energy is 
defined as the growth in consumption chain weighted 
deflator less food energy minus growth in the overall 
consumption chain weighted deflator. Growth in real 
import prices is defined as growth in chain weighted 
import prices relative to growth in the chain weighted 
GDP deflator. As was the case with model 2, the 
unemployment rate NAIRU gap terms were insignificant. 
Therefore, the unemployment rate NAIRU gap terms were 
dropped from Table VI. The model results indicate a one 
time percentage point increase in real food prices will 
cause a small short-term increase in inflation that does not 
lead to permanently higher inflation. Thus inflation will 
temporarily rise and then fall in response to short-tem 
higher inflation for food, energy, and imports. 

The impact of labor market conditions is captured by the 
deviation between overall inflation and growth in unit 
labor costs. Rising growth in unit labor costs relative to 
output prices indicates in general declining profit margins 
which will put upward pressure on inflation in coming 
quarters. The gap between the level of capacity utilization 
and the constant NAIRC term of 8 1 .3 is significant at the 
one percent level. Overall the equation explains over 56 
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percent of the variation in the change in next quarter’s 
inflation. 

Fiqure 3 shows the residuals from equation 3. Overall, 
the residuals were relatively small and randomly 
distributed. The residuals exhibited no autocorrelation as 
indicated by first and higher order Breusch-Godfrey tests. 
The forecast errors were especially small for the 1997 and 
1998 period. Overall the largest residuals in absolute 
value terms were produced in the early 1 970's, largely due 
to the phasing in and phasing out of the Nixon price 
controls. 

In separate regressions, I examined the role of 
productivity shocks on inflation by adding productivity 
shocks to equation 3. Productivity shocks were measured 
in two forms. The first measurement of productivity 
shocks was the deviation in quarterly productivity growth 
in private nonfarm business relative to average quarterly 
labor productivity growth for that business cycle. Due to 
difficulties in measuring productivity in the service sector 
as well as to capture the impact of rising capital 
productivity in recent years, I also included Tobin’s q as 
an additional productivity shock variable in equation 3. 
While the coefficients on these productivity variables 
were of their expected negative sign in explaining changes 
in inflation, the productivity variables were not significant 
and thus were not included in table VI. 

Conclusions 

My empirical work indicates that the NAIRU is very 
uncertain and because its uncertainty the NAIRU is of 
limited use to policy makers. On the other hand, the 
NAIRCU is much more stable and powerful in explaining 
inflation. The model with relative price terms predicted 
changes in inflation one quarter ahead extremely well, 
especially for the recent past. Many potential GDP 
estimates make heavy use of the NAIRU in their 
derivation. Given the vastly superior performance of 
capacity utilization in predicting inflation, policy makers 
and econometricians need to make greater use 
manufacturing capacity and manufacturing capacity 
utilization in predicting inflation and potential output. 
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Table I 

Base Regressions For Change in Inflation 
Dependent Variable: Change in Inflation As Measured by GDP Deflator 
Unemployment Variable: Aggregate Unemployment rate 16 and Over 

(1971I-1998IV) 



Contemporaneous Unemployment Rate Contemporaneous and Lagged 

Regressions Unemployment Rate Regressions 



Regression No. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Quarterly Var. 
ofNAIRU 


0.00 


0.01 


0.02 


0.03 


0.04 


0.00 


0.01 


0.02 


0.03 


0.04 


Constant NAIRU 


6.30 










6.30 










NAIRU 1998IV 


6.30 


5.43 


5.14 


5.00 


4.92 


6.30 


5.38 


5.03 


4.86 


4.76 


Other Explanatory 




















Variables 

(t-statistic) 






















Constant 


0.006 


0.092 


0.100 


0.091 


0.078 


-0.005 


0.086 


0.103 


0.102 


0.095 




(0.05) 


(0.60) 


(0.58) 


(0.48) 


(0.39) 


(-0.05) 


(0.56) 


(0.59) 


(0.54) 


(0.47) 


Change in Inf. t _, 


-0.191 


-0.202 


-0.206 


-0.207 


-0.207 


-0.172 


-0.182 


-0.185 


-0.185 


-0.185 




(-2.47) 


(-2.58) 


(-2.65) 


(-2.68) 


(-2.70) 


(-2.23) 


(-2.34) 


(-2.39) 


(-2.42) 


(-2.43) 


Change in Inf. t . 2 


-0.351 


-0.359 


-0.362 


-0.364 


-0.364 


-0.335 


-0.343 


-0.345 


-0.346 


-0.346 




(-4.12) 


(-4.14) 


(-4.20) 


(-4.25) 


(-4.29) 


(-3.61) 


(-3.65) 


(-3.72) 


(-3.76) 


(-3.78) 


Unemploy. Rate t 


-0.276 


-0.302 


-0.310 


-0.312 


-0.312 


-0.690 


-0.725 


-0.739 


-0.745 


-0.748 




(-2.92) 


(-2.89) 


(-2.89) 


(-2.85) 


(-2.81) 


(-2.56) 


(-2.62) 


(-2.62) 


(-2.61) 


(-2.58) 


Unemploy. Rate,., 












0.440 


0.451 


0.459 


0.467 


0.472 














(1.57) 


(1.61) 


(1.66) 


(1.69) 


(1.72) 


Log Likelihood - 


165.22 


-165.45 


-165.62 


-165.82 


-166.02 


-164.08 


-164.24 


-164.38 


-164.55 


-164.72 


St. Error of Reg. 


1.062 


1.059 


1.060 


1.062 


1.065 


1.052 


1.048 


1.048 


1.050 


1.052 


Durbin- Wat. Stat.* 


■ 2.05 


2.04 


2.08 


2.06 


2.07 


2.05 


2.06 


2.07 


2.08 


2.09 



*Durbin’s h statistics also rejected the presence of first order autocorrelation. The failure of the h statistics to 
indicate autocorrelation is not surprising given the closeness of the Durbin Watson statistics to 2. Breusch-Godffey 
tests also rejected the hypothesis of first and higher order autocorrelation. 
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Table II 

Base Regressions For CPI-U 

DependentVariable: Change in Inflation as Measured by CPI-U 
Unemployment Variable: Aggregate Unemployment rate 16 and Over 

(1971 1-1 998IV) 



Regression No. 


1 


2 


3 


4 


5 


Quarterly Var. 
ofNAIRU 


0.00 


0.01 


0.02 


0.03 


0.04 


Constant NAIRU 


6.35 










NAIRU 1998IV 


6.35 


5.52 


5.15 


4.97 


4.85 


Other Explanatory 
Variables 












(t-statistic) 












Constant 


-0.005 


0.106 


0.138 


0.140 


0.134 




(-0.03) 


(0.40) 


(0.42) 


(0.38) 


(0.33) 


Change in Inflation^, 


-0.242 


-0.252 


-0.256 


-0.257 


-0.256 




(-2.36) 


(-2.31) 


(-2.30) 


(-2.29) 


(-2.28) 


Change in Inflation^ 


-0.391 


- 0.399 


-0.403 


-0.404 


-0.404 




(-4.62) 


(-4.21) 


(-4.11) 


(-4.05) 


(-4.01) 


Change in Inflation t<3 


0.177 


0.167 


0.163 


0.162 


0.162 




(1.82) 


(1.62) 


(1.54) 


(1.50) 


(1.48) 


Unemployment Rate t 


-1.984 


-2.030 


-2.055 


-2.066 


-2.07 




(-4.46) 


(-4.39) 


(-4.39) 


(-4.39) 


(-4.38) 


Unemployment Rate t ., 


1.657 


1.676 


1.690 


1.702 


1.712 




(3.56) 


(3.59) 


(3.63) 


(3.65) 


(3.68) 


Log Likelihood 


-209.56 


-209.78 


-209.92 


-210.06 


-210.21 


St. Error of Reg. 


1.579 


1.578 


1.580 


1.583 


1.586 


Durbin-Watson Stat*. 


2.06 


2.07 


2.08 


2.09 


2.09 



* As was the case for the base change in inflation for the GDP deflator, the Breusch Godfrey test for autocorrelation 
failed to indicate the presence of autocorrelation. 
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Table III 

Alternative Base Regressions For GDP Deflator 
DependentVariable: Change in Inflation As Measured by the GDP Chain Weighted Deflator 
Unemployment Variable: Demographically Adjusted Aggregate Unemployment rate 16 and Over 

(19711-1998IV) 



Regression No. 


i 


2 


3 


4 


5 


Quarterly Var. 
ofNAIRU 


0.00 


0.01 


0.02 


0.03 


0.04 


Constant NAIRU 


6.30 










NAIRU 1998IV 


6.30 


5.67 


5.44 


5.31 


5.22 


Other Explanatory 
Variables 












(t-statistic) 












Constant 


0.015 


0.060 


0.062 


0.055 


0.048 




(0.14) 


(0,39) 


(0.35) 


(0.29) 


(0.24) 


Change in Inflation^, 


-0.189 


-0.191 


-0.191 


-0.191 


-0.190 




(-2.45) 


(-2.44) 


(-2.46) 


(-2.47) 


(-2.47) 


Change in Inflation^ 


-0.347 


-0.348 


-0.348 


-0.348 


-0.347 




(-3.73) 


(-3.69) 


(-3.73) 


(-3.76) 


(-3.77) 


Unemployment Rate t 


-0.711 


-0.730 


- 0.737 


-0.740 


-0.741 




(-2.75) 


(-2.74) 


(-2.71) 


(-2.67) 


(-2.64) 


Unemployment Rate t- 1 


0.426 


0.448 


0.457 


0.464 


0.469 




(1.60) 


(1.68) 


(1.73) 


(1.76) 


(1.79) 


Log Likelihood 


-163.20 


-163.81 


-164.13 


-164.40 


-164.64 


St. Error of Reg. 


1.044 


1.045 


1.048 


1.050 


1.053 


*Durbin-Watson Stat. 


2.06 


2.07 


2.08 


2.09 


2.09 



* Breusch-Godfrey tests failed to indicate the presence of autocorrelation. 
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Table IV 

Alternative Base Regressions For CPI Deflator 
DependentVariable: CPI-U 

Unemployment Variable: Demographically Adjusted Aggregate Unemployment rate 16 and Over 

(19711-1998IV) 



Regression No. 


1 


2 


3 


4 


5 


Quarterly Var 
ofNAIRU 


0.00 


0.01 


0.02 


0.03 


0.04 


Constant NAIRU 


6.40 










NAIRU 1998IV 


6.40 


5.81 


5.67 


5.61 


5.60 


Other Explanatory 
Variables 












Constant 


-0.096 


-0.033 


-0.075 


-0.126 


-0.175 




(-0.52) 


(-0.10) 


(-0.18) 


(-0.27) 


(-0.34) 


Change in Inflation^, 


-0.363 


- 0.363 


- 0.365 


-0.366 


-0.368 




(-4.08) 


(-4.09) 


(-4.14) 


(-4.19) 


(-4.24) 


Change in Inflation^ 


-0.478 


-0.480 


-0.482 


-0.484 


-0.486 




(-6.74) 


(-6.50) 


(-6.51) 


(-6.53) 


(-6.55) 


Change in Inflation^ 


0.030 


0.025 


0.024 


0.023 


0.023 




(1.29) 


(1.08) 


(1.01) 


(0.97) 


(0.95) 


Unemployment Rate, 


-2.054 


-2.10 


-2.125 


-2.139 


-2.148 




(-4.70) 


(-4.69) 


(-4.72) 


(-4.73) 


(-4.73) 


Unemployment Rate t ., 


1.512 


1.559 


1.573 


1.581 


1.586 




(3.51) 


(3.56) 


(3.58) 


(3.57) 


(3.56) 


Log Likelihood 


-209.63 


-210.33 


-210.66 


-210.91 


-211.13 


St. Error of Reg. 


1.580 


1.587 


1.593 


1.598 


1.601 


Durbin-Watson Stat. 


1.91 


1.93 


1.94 


1.95 


1.96 



O 

ERIC 
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Table V 

Alternative Base Regressions For GDP Deflator with NAIRCU 
DependentVariable: Change in Inflation As Measured by the GDP Chain Weighted Deflator 
Unemployment Variable: Aggregate Unemployment rate 16 and Over 

(1971 1-1998IV) 



Regression No. 


i 


2 


3 


4 


5 


6 


Quarterly Variance 
of NAIRU and 
NAIRCU 


0.00 


0.01 


0.02 


0.03 


0.04 


0.00 


Constant NAIRU 


6.30 












NAIRU 1998IV 


6.30 


6.47 


6.52 


6.53 


6.52 




Constant NAIRCU 


81.20 












NAIRCU 1998IV 


81.20 


81.58 


81.84 


82.04 


82.21 


81.20 


Other Explanatory 
Variables 














(t-statistic) 














Constant 


0.023 


0.057 


0.073 


0.082 


0.089 


0.30 




(0.21) 


(0.42) 


(0.49) 


(0.53) 


(0.56) 


(0.28) 


Change in Inf.,., 


-0.261 


-0.256 


-0.255 


-0.254 


-0.253 


-0.258 




(-3.20) 


(-3.09) 


(-3.06) 


(-3.04) 


(-3.03) 


(-3.25) 


Change in Inf.,. 2 


-0.401 


-0.398 


- 0.397 


-0.396 


-0.396 


-0.401 




(-4.64) 


(-4.49 


(-4.39) 


(-4.36) 


(-4.34) 


(-4.59) 


Unemploy. Rate, 


0.131 


0.026 


-0.012 


-0.037 


-0.053 






(0.37) 


(0.07) 


(-0.03) 


(-0.10) 


(-0.15) 




Unemploy. Rate,., 


0.002 


0.048 


0.066 


0.079 


0.086 






(0.01) 


(0.16) 


(0.21) 


(0.26) 


(0.28) 




Cap. Util., 


0.187 


0.166 


0.159 


0.154 


0.151 


0.148 




(3.57) 


(3.04) 


(2.85) 


(2.73) 


(2.64) 


(4.96) 


Log Likelihood - 1 56.96 


-157.62 


-157.93 


-158.14 


-158.31 


-157.57 


St. Error of Reg. 


0.987 


0.991 


0.993 


0.994 


0.991 


0.992 


Durbin-Wat. Stat. 


2.16 


2.16 


2.16 


2.16 


2.17 


2.14 
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Table VI 

Best Regression Result for Chain Weighted GDP Deflator 
Dependent Variable: Change in Inflation As Measured by the Chain weighted GDP Deflator 
Added Explanatory Variables: Change in Relative Price Shocks 
(1971I-1998IV) 



Quarterly Variability of NAIRCU 
Constant NAIRCU 
NAIRCU 1998IV 


0.00 

81.30 

81.30 


Other Explanatory Variables 




(t-statistics) 




Constant 


0.014 




(0.166) 


Change in Inflation,., 


-0.463 




(-4.70) 


Change in Inflation,^ 


-0.487 




(-5.33) 


Change in Inflation^ 


-0.293 




(-3.75) 


Change in Inflation,^ 


-0.184 




(-2.78) 


Percentage Change in Real Food and 


0.451 


Energy Prices, * 


(4.27) 


Percentage Change in Real Food and 


-0.363 


Energy Prices,. , 


(2.79) 


Percentage Change in Real Food and 


-0.256 


Energy Prices, . 2 


(-2.17) 


Percentage Change in Real 


-0.038 


Import Prices,** 


(-3.82) 


Percentage Change in Real 


0.054 


Import Prices,., 


(3.69) 


Percentage Change in Real 


0.038 


Import Prices, . 2 


(3.06) 


Gap between Inflation and 


-0.045 


Growth in Unit Labor Costs,.,*** 


(-2.03) 


Gap between Inflation and 


-0.034 


Growth in Unit Labor Costs, . 2 


(-1.73) 


Capacity Utilization 


0.149 




(5.28) 


Log Likelihood 
Adjusted R 2 
St. Error of Regression 
Durbin- Watson Stat.**** 


-123.94 

.5615 

0.7822 

2.09 



* Real food and energy prices are defined as the overall chain weighted consumption price deflator divided by the 
chain weighted consumption less food and energy price deflator. This approach to measuring aggregate real food 
and energy prices has been used by Gordon in much of his empirical work. 



** Real import prices are measured by the chain weighted price deflator for imports divided by the chain weighted 
GDP price deflator. 

*** Inflation is measured by chain weighted GDP deflator and unit labor costs are BLS nonfarm unit labor costs. 

**** No evidence of first order or higher serial correlation was evident from Breusch-Godfrey tests. 



64 



74 



FIGURE 1: ESTIMATED NAIRUS| 
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Figure 3: Equation 3 Residuals 



o 

CO 




BUDGET FORECASTING FOR THE FOOD STAMP PROGRAM 

Abstract 
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Budget Forecasting for the Food Stamp Program 



Chair : Kenneth Hanson 

Economic Research Service, U.S. Department of Agriculture 



Welfare Reform of 19% dramatically changed the system of welfare programs supporting needy families and 
children. The Food Stamp Program (FSP) is one of a few social programs in the federal government that remain 
an entitlement, available on the basis of financial need. As an entitlement program, expenditures depend on 
economic conditions, and budget forecasts are the basis for requesting funds in the annual budget In this 
session, analysts making the budget forecasts discuss their experience using econometric techniques in context of 
the institutional setting on the basis, timing, and use of these forecasts. Lisa Greenwood will describe the current 
budget forecasting procedure. Edwin Lau will describe the institutional setting under which the program agency 
forecasts its budget request. Valerie Baxter will discuss the issue of reconciling differences in budget forecasts 
which arise from differences in macroeconomic baselines used by Office of Management and Budget and 
Congressional Budget Office. David Burr will discuss problems that arise when unanticipated economic change 
causes unexpected program expenditures. 



Panelists: 

Lisa Greenwood 

Food and Consumer Services, U.S. Department of Agriculture 
David Burr 

Food and Consumer Services, U.S. Department of Agriculture 
Edwin Lau 

Office of Management and Budget 

Valerie Baxter 
Congressional Budget OfEce 
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NEW DEVELOPMENT IN HEALTH MANPOWER FORECASTING 



Chair: Emily DeCoster 

Bureau of Health Professions 

U. S. Department of Health and Human Services 

Forecasting Workforce Demand: Physician Requirements and Health Service Demand 

(Abstract), 

James M, Cultice, Bureau of Health Professions 
U.S. Department of Health and Human Services 

The Nursing Demand-Based Requirements Forecasting Model (NDBRFM), 

Marshall S. Fritz, Bureau of Health Professions 
U.S. Department of Health and Human Services 

Forecasting Workforce Demand: Dental Personnel and Dentists, 

Stuart Bernstein, Bureau of Health Professions 
U.S. Department of Health and Human Services 
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Forecasting Workforce Demand: Physician Requirements and Health Service Demand 



James M. Cultice, Bureau of Health Professions, U.S. Department of Health and Human Services 

The Bureau of Health Professions’ Integrated Requirements Model (IRM) forecasts requirements for 18 physician 
specialties, physician assistants, nurse practitioners, and selected other nonphysician clinicians per 100,000 people 
by assigning populations-by gender, age, and rural/urban location-to fee-for-service, staff HMO, IPA network, 
or uninsured delivery modes and applying practitioner staffing estimates by delivery mode. Practitioner 
requirements are modeled by delivery model for 1996 through 2020. Model users can analyze results of 
alternative policy scenarios by replacing baseline assumptions. In addition, the IRM produces reports 
summarizing the population by insurance status and urban/rural location, and a report on the practitioner staffing 
models association with the scenario being run. 
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THE NURSING DEMAND-BASED REQUIREMENTS FORECASTING MODEL 

(NDBRFM) 



Marshall S. Fritz, Statistician 1 
Division of Nursing 

Bureau of Health Professions, Health Resources and Services Administration, DHHS 



Introduction 

Legislation enacted in the 1970s requires the periodic 
submission of reports by the Secretary of the Department 
of Health and Human Services (DHHS) to the President 
and Congress on the numbers of health care personnel 
required to provide adequate health care for the Nation. 
The Health Resources and Services Administration 
(HRSA), through its Bureau of Health Professions (BHPr) 
component and the Division of Nursing within BHPr, 
developed conceptual frameworks and modeling 
structures for the projection of employment requirements 
of nursing personnel. 

In its recent report the Institute of Medicine (IOM) 1 has 
noted recent changes regarding where nursing staff is 
being utilized, how they are being utilized, as well as 
what the relationships are between market-place changes, 
population demographics, and registered nurse training. 
Examples of health care sectors which have undergone 
recent changes impacting on nursing personnel 
requirements include inpatient hospital, ambulatory, and 
long term care services. Inpatient use of hospitals, and 
length of hospital stay, inpatient days, and the numbers of 
beds staffed have all declined. As the IOM noted, 
hospitals are restructuring, merging, and consolidating in 
order to maintain economic viability in the face of new 
market forces. Over the recent National Sample Surveys 
of Registered Nurses of 1992 2 and 1996 3 , the numbers 
of nurses in hospital settings have remained stable while 
the percentage of all registered nurses (RN’s) who work 
in hospital settings has dropped from over 66% to around 
60%. Over the same period of time, nursing home, 
community /public health, and ambulatory employment of 
registered nurses has increased. Nursing home settings 
employed 7% of RN’s in 1992, increasing to 8.1% of 
RN’s in 1996. Ambulatory settings increased their 
employment shares of RN’s from 7.8% to 8.5% of all 
those employed over the same period. Within this 
restructuring to maintain economic viability, there have 



been changes in the relative balance and duties of nursing 
personnel of various levels of training. 

At the same time that the economics of the provider 
institutions has changed, so are the demographics of the 
nation’s population and the level of care that is being 
demanded undergoing change. Within 20 years, the large 
post-war baby boomer generation will begin to reach 
retirement age and will demand increasing levels of health 
care services compared to current overall levels of service 
demand by the elderly. According to the U.S. Bureau of the 
Census, Current Population Reports, P25-1 130, Table No. 
17, Resident Population Projections, there will be a large 
increase, both in absolute and relative terms, in the 
population over 55 years old by 2020. From 1998 to 2020, 
the total population will increase by about 20% while the 
percent of those who are over 55 will increase from about 
21.1% to 29.4% of the general population. The projected 
growth of the oldest elderly subpopulation (for example, 
those over 85 of age will increase by about a third over this 
period) is likely to increase inpatient hospital and nursing 
home admissions at the same time that downsizing in 
hospitals is decreasing and internal shifting nursing 
personnel is occurring. According to IOM, while the 
overall rate of admissions is going down, the percent of 
those being admitted with high levels of acuity have 
increased. 

Previous efforts to forecast requirements and supply of 
registered nurses used base year data from the period of the 
early 1990’s, and did not account for the extensive structural 
changes in the health care delivery system. Nevertheless, 
these previous forecasting efforts did account for the aging 
of the population. Projections reported in the Basic 
Registered Nurse Workforce Report 4 suggest that even 
prior to incorporating market changes, the need to train and 
retain experienced registered nurses will become more 
pronounced as the year of 2020 is approached. 



l The views presented in this article are those of the author and do not necessarily represent the views of the Division of Nursing, the 

Bureau of Health Professions, Health Resources Services Administration, and the Department of Health and Human Services. 
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Table 1. Projections of RN Demand Requirements and Supply: 1995-2020 



Year 


Supply 


Requirements 


Requirement- 

SuddIv 


Supply to Meet Demand 


(1) 


(Millions) 


(Millions) 


(Millions) 


(%) 


(2) 


(3) 


(3)-(2) 


[(3)-(2)]/(2) 


1995 


1.813 


1.800 


-0.013 


-0.72% 


2000 


1.987 


1.969 


-0.018 


-0.91% 


2005 


2.128 


2.095 


-0.033 


-1.55% 


2010 


2.214 


2.232 


0.018 


0.81% 


2015 


2.277 


2.391 


0.114 


5.01% 


2020 


2.284 


2.575 


0.291 


12.74% 



Source: Projections by Division of Nursing, BHPr, HRSA,DHHS,1996 



The forecasts plotted in Figure 1 indicates that national 
staffing supply and demand requirements will remain 
approximately in balance until the year 2008. After 2008, 
an increasingly large difference between supply and 
requirement is anticipated. As shown in Table 1, 
consisting of sampled projections at five-year intervals, the 
percentage increase in supply necessary to keep pace with 
demand requirements will have to equal about 13% by the 
year 2020. 

Given the IOM findings and the extensive changes in the 
dynamics of the health care system, updating the 
forecasting requirements model is imperative. This update 
will help ascertain how all these changes bear out in the net 
impact on the requirements for nursing personnel. The 
following sections briefly discuss (1) previous forecasting 
efforts, (2) the conceptual basis for the current requirement 
model, and (3) current efforts to enhance the current 
forecasting capabilities by including measures of market 
forces and upgrading the forecasting package platform. 

Forecasting Demand for Nurses 

Over the past two decades, a variety of modeling 
techniques have been used to forecast the requirements for 
RN’s, LPN/LVN’s (licensed practical/vocational nurses), 
and NA ’s (nursing aides/assistants). These techniques have 
included ratio estimating, expert judgment, system 
dynamics, historical trend analyses, and others. Some of 
these methods are no longer feasible because of lack of 
data, others because of the need for evidence-based 
decision processes. For example, trend analyses are no 
longer feasible because they relied on a number of since- 
discontinued, large-scale surveys. 

The model is anticipated to accommodate sufficient detail 
about the variations that exist in the various health care 
delivery settings where nursing personnel are employed. 
Thirteen subsectors have been identified for the delivery of 
health care in these forecasting models, e.g., the short-term 



inpatient hospital. For the purpose of user application flexibility 
and ease of organizing outputs from the model forecasts, these 
subsectors are also aggregated in the forecasting package into 
higher- tier sectors comprised of related sectors, e.g., the hospital 
sector. The model is designed to produce: (1) estimates of 
quantified utilization and staffing demand requirements for each 
of the six sectors and thirteen subsectors (Figure 2), (2) annual 
demand requirements of nurses for each State for each 
nursing/occupation, and (3) annual demand of three nursing- 
related occupations, RNs, LPN/LVN’s, and NA’s, in all sectors 
and subsectors within each State. 

The economics-based definition of requirements utilized here 
stands in contrast to other definitions of demand which are 
based on normative medical needs or theoretical staffing 
needs/desires. The requirement for nursing personnel is 
examined from the economic perspective of the number of full- 
time (FTE) staff that employers would actually hire in each 
subsector given prevailing economic market conditions, if not 
otherwise constrained by the availability of nursing personnel. 
This definition does not allow goal-based or normative-needs- 
based specifications/standards of nursing staffing requirements 
except to signify those levels of hiring from employers that 
would be required to meet consumer utilization rates for health 
care services. 

For each subsector, there are units of productivity which typify 
the service provided in that sector. For example, in hospital 
subsectors, inpatient days are the measure of consumer 
utilization that is quantified and related to hospital nursing 
personnel requirements, while in the nonhospital ambulatory 
care subsector, visits are the measures of the consumer 
utilization. The model incorporates and quantifies specification 
of the important exogenous factors which are selected to reflect 
the underlying forces responsible for change in the health care 
system. For example, for the short-term inpatient hospital 
sector, one of the exogenous variables found to be significant 
for predicting inpatient RN requirements was the percentage of 
the total population covered by Medicaid; this variable was 
found to be negatively correlated to the rate that employers 



would hire RN’s for serving inpatient bed-days. 

The current nursing demand requirements model is termed 
the Nursing Demand-Based Requirements Forecasting 
Model (NDBRFM) 5 . It is a two-stage multivariate model 
using cross-sectional data. The first stage determines the 
rate of utilization of health services by consumers using a 
General Services Demand Model (GSDM) 6 , while the 
second stage combines the rate of workforce demand 
requirements per unit of service with the utilized numbers 
of units of service demanded by consumers. When 
multiplied together, while controlling for market factors, 
the resulting forecast represents the numbers of FTE’s 
required to serve the forecasted utilization of health 
services by consumers. 

The NDBRFM Mathematical Structure 

The two-stage, nursing requirements forecasting model 
combines four multiplicative component factors (Equation 
1). These multiplicative factors include per-capita 
utilization demand for health care services (first stage 
model), nursing requirements to deliver each service 
demanded (the second stage of the model), population 
estimates, and adjustments that control for the availability 
of nurses in the workforce. (The model assumes an 
equilibrium between supply and requirements at time zero.) 

Separate equations are developed for each nursing 
occupation and health care subsector. In recent forecasting 
cycles, these utilization demand and nursing requirements 
relationships had been fitted to multivariate regression 
equations using weighted or unweighted ordinary least 
square algorithms. These equations are later applied with 
future, cross-sectional, variable value estimates at the state- 
level. National estimates for each subsector and nursing 
occupation (see Figure 2) are derived by summing the 51 
individual State projections (the 50 States plus the District 
of Columbia). 

The mathematical structure of the model can be expressed 
as shown in Equation (1) below. Equation (1) presents the 
four multiplicative factors which comprise the key 
components of the model structure for nursing 
requirements forecasting. These factors are parsed, or 
bracketed, into two pairs of subset products. Each 
bracketed expression is explained in this discussion of the 
mathematical structure to reflect the separate parts of the 
model which relate to consumer utilization of services and 
nursing workforce requirements to provide those services, 
respectively. 

FTE nhs (x,(t),..,x m (t), v,(t),...,v„(t)) — 

[POP HS (t) * PCD HiS (X|(t),..,x m (t))] * 

[B n.h.s * NRS NHS (v,(t),...,v n (t))] Equation (1) 



0 




where: 

Overall Workforce Demand : 

FTE N H, s (x l (t),..,x m (t), v,(t),...,v„(t)) = 

Workforce requirements for nursing occupation, N, in health 
care sector, H, in State, S. This is expressed in terms of the total 
FTE’s at time, t, for a given State and where various exogenous, 
or independent, variables, x^t),..^^) and v,(t),...,v n (t), impact 
upon the utilization of services (the PCD function) and nursing 
requirements for services (the NRS function). There may be 
different numbers of exogenous variables that best model 
utilization and nursing requirements, respectively. 

Service Utilization (GSDIVn Model Factors : 

POP h,S (0 “ . c 

Population provided service by health care sector, H, in State, 

S, at time, t. 

PCD HtS (x 1 (t),..,x m (t)) = 

The core generic function for the Per-Capita Demand (PCD) 
rates of utilization of health care services by consumers. It 
quantifies the demand- utilization-per-capita rates affected by 
independent variables, x i5 over time, t, in health sector, H, and 
in State, S. The independent variables, x i5 for each PCD 
equation have been selected to explain changes in service 
utilization rates in the base year. They have been selected from 
among many possible sets of variables relating to health care 
utilization by the population, including demographic, health 
care, geographic, and economic factors. The final set of 
variables for each equation were fit through the use of 
multivariate regression. 

As mentioned above, the first bracketed expression within 
Equation (1), 

[POP H,s (t) * PCD H,s ((x l (t),..,x m (t»3, represents the overall 
service utilization demanded by the population in State, S, and 
health care sector, H, at time, t. 

Nursing Requirements (NDBRFM1 Model Factors : 

B n.h.s = 

Adjustment factor used to ensure that the regression equations 
applied to each of the 51 States will provide total within-sector 
estimates that match the base year RN staffing figures in that 
sector, H, and State, S. The base year is typically the year in 
which the National Sample Survey ofRN’s was last undertaken. 

Rationale for this adjustment is that the utilization of services is 
in equilibrium in the base year. The economic requirement of 
the conceptual framework is that employers would hire that 
number of nurses deemed appropriate to serve the utilization 
demanded, and paid for, by consumers. 

These adjustments are treated in the model as being constant 
over time from the base year forward. By being constant over 
time, it is hypothesized that the unique affects within each State 
do not vary into the future. Thus, the changes over time in each 
State are hypothesized to be due to the exogenous variables 
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values. 



For most of subsector settings, actual State data for RN 
workforce distribution is available, not just national 
averages. Data is sparse regarding LPN/LVN’s and NA’s 
in the various subsectors in which they are employed, more 
so than has been true for RN’s. In these, situations with 
insufficient or unavailable State-level data for that 
subsector, the value of adjustment factor at the base year 
takes on a different meaning; actual observations are 
synthetically estimated using the national overall average 
rate. 

NRS N.H.S (V|(t),....,V m (t)) = 

The core generic function for the rates of nursing 
requirements for service, i.e., workforce demand. It 
quantifies the FTE workforce-utilization-per-service rates 
affected by independent variables, v i5 over time, t, in health 
sector, H, and in State, S, and for nursing occupation, N. 
The independent variables, Vj, for each NRS equation have 
been selected to explain changes in requirements rates in 
the base year and to be applicable at a future time, t. They 
have been selected from among many possible sets of 
variables relating to demand for nurse providers of services 
including demographic, health care, geographic, and 
economic factors. The final set of variables for each 
equation were fit through the use of multivariate 
regression. 

As mentioned above, the second bracketed expression 
within Equation 1 , 

[B n ,h,s * NRS N H S (v,(t), — ,v m (t))], represents the demand 
rate for nurses, after adjustment, in nursing occupation, N, 
State, S, and health care sector, H, per unit of utilized 
service at time, t. 

The selections of correlates (independent variables) for 
inclusion in the model must satisfy statistical and 
substantive requirements. The statistical requirement is 
that the variables must be independent but identically 
distributed (i.i.d.). The substantive requirements is that 
these variables are substantially related to the quantities 
modeled, and explain the greatest amount of the variations 
in demand for nurses. 

Data Sources Used for Forecasting 

Much of the data used in the forecasting phases, including 
the state-level cross-sectional data, come from national 
surveys conducted by: the Bureau of the Census, the 
Bureau of Economic Analysis, the National Center for 
Health Statistics, the Health Resources and Services 
Administration, and the American Hospital Association. 
Some of the surveys have reported state-level information. 
However, some of the surveys were not able to encompass 
sample sizes sufficient to allow conclusions for each of the 



5 1 States. In the latter instances, national averages have been 
used as default proxies for State data where disaggregate state- 
level estimates have not been available directly from the survey 
databases or reports. 

Example: Forecasting RN FTE’s per 
1000 Inpatient Hospital Da vs. 

As discussed above, the mathematical structure of the 
forecasting model consists of a number of discrete equations 
which have been fit with statistically significant variables, using 
multivariate regression. An example from the set of forecasting 
equations from the last forecasting application cycle is 
presented in Equation (2) below. Equation (2) provides the 
multivariate regression equation that was fit to predict the rate 
of requirements for RN’s (RN FTE rate) per 1,000 short-term 
hospital bed-days:. 

RN FTE’S PER 1,000 INPATIENT HOSPITAL DAYS 
(SSTND) = Equation (2): 

6.2190 (Constant T erm) + 

-15.7005 * the Percentage of the Total Population 
covered by Medicaid (PMCAID) + 

1 .9937 * the Managed Care Saturation Index 
(MCNDX) + 

-2.1925 * the # of Long-Term Hospital 

Inpatient Days Per Capita (LTDYTP) + 

2.5822 * Short Term Hospital Outpatient 
Visits Per Capita (STE VP) 

RN FTE’s rate per 1,000 inpatient hospital days was found to be 
statistically related to four factors: Medicaid coverage 
prevalence, managed care predominance, inpatient day 
utilization rate, and outpatient visit utilization rate. The 
relationship between the relative size of the Medicaid-eligible 
population can be used to understand how the numbers of 
inpatient staff FTE’s would vary with changes in increases or 
decreases in Medicaid predominance in a given State. Equation 
(2) infers that employers would reduce staffing rates in response 
to an increase in the Medicaid-eligible predominance in a State, 
all other variables being kept constant. Should the percentage 
of those covered by Medicaid increase by a full percentage 
point from the base model, the equation projects that the rate of 
RN’s per thousand bed-days would decrease by approximately 
0.16 FTE’s per thousand bed-days over the rate obtained from 
the baseline data. Such a relationship is commensurate with the 
economic rationalizations that Medicaid reimbursement rates 
are lower than other open market reimbursement schedules and 
that lower average provider income per patient would lead 
employers to reduce staffing in response. 

To determine the total FTE requirements, or the change in the 
respective FTE requirements, the rate of RN’s per thousand 
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bed-days, the dependent variable in the above example, 
must be multiplied by the numbers of thousands of 
inpatient bed-days in the appropriate year for a population 
in each respective State. 

Enhancing the Forecasting Model 

The current model is undergoing several major 
enhancements: (1) update of the base year data and 

enhancing the quality of data input by using data mining; 
(2) inclusion of exogenous (independent) variables that will 
attempt to capture changes in the health care market that 
might affect recruitment of nurses; and (3) enhancement of 
the computer software to make it more flexible and user 
friendly. 

Data: Updates and Enhancement 

The previous NDBRFM and GSDM model applications 
used survey estimates from the early 1990's. The current 
update will use survey data stemming from the mid-1990's 
for its equation fitting. The updated data base contains 
market-based information for the base year, i.e., nursing 
staffing levels employers actually hired to provide the care 
demanded and utilized by consumers, along with other 
socioeconomic, socio-demographic, and health care 
information. 

Selection of Exogenous Variables 

The types of exogenous variables that are conceptually 
considered to assess the impact on demand include the 
following categories: 

• health status indicators (i.e., mortality 
vital events, morbidity indicators) 

• demographic characteristics of the 
population (i.e., age, race, sex, 
rural/urban) 

• economic status of the population (i.e., 
per-capita income or cost of living 
measures, trends of employment in key 
industries/occupations with or without 
educational attainment, unemployment 
rates) 

• insurance status for the population (i.e., 
levels of public/private health insurance, 
and managed care coverage) 

• health care sector productivity/outputs. 

Figure 3 consists of a table displaying the selected 
exogenous variables from the 1996 equation fitting for 
inpatient short-term hospital. A separate column appears 
on the right hand side of the table which displays a 
tentative set of exogenous variables being examined in the 
cycle currently under way. Variables currently being 
considered for use as exogenous variables in the new 



equation fitting efforts for inpatient sector bed-day utilization 
demand per capita and inpatient sector FTE demand per bed- 
day in each state include: 

1 . the ratio of actual-to-expected deaths 

2. the degree of managed care penetration 
per capita income 

3. geographic effects of State or region 

4 within the country, and 

5. percent of the population covered by 
Medicaid or Medicare 

Since the requirements model forecasts both at the state level 
and at the national level, two enhancements being sought are: 
(1) the incorporation of State- and regional-specific affects to 
improve the ability to account for unique differences at the State 
level, and (2) alternatives for a national model beyond 
arithmetic aggregation of state-level estimates to national-level 
estimates. 

The inferred impacts on utilization or staffing requirements that 
particular States or geographic regions may have, in terms of 
their unique delivery systems, unique socioeconomic 
conditions, or unique socio-demographic circumstances, were 
not extensively reviewed in earlier model calibrations. 
Examination is planned to determine if judicious use of these 
geographic-specific affects will add significantly to the 
reliability of the models. For example, in the previous equation 
fitting application for the GSDM model, Florida was found to 
have a significant difference in home health care utilization 
rates for the elderly compared with essentially all other States, 
and a particular Florida-effect was incorporated into the 
predictive model. 

National estimates have been obtained by aggregating state- 
level estimates without accounting for State differentials in size, 
composition, distribution of health care needs. Among the 
options to enhance the national estimate is a weighting strategy. 
Among the weighting options being considered for the current 
model update are weighting adjustments based on population 
size or other health-care-related index which reflect rates or 
absolute magnitudes and which are of relevance to each discrete 
dependent variable within each equation and subsector. 

The NDBRFM Computer Model and User Interface 

Software Update: Using a WINDOWS-Based Environment. 
Previous versions of the forecasting model were written in 
software code that would work in the DOS environment. 
Advances in hardware and software have allowed for 
evolutionary improvements in the user-interface of a 
WINDOWS-Based environment. It is anticipated that the 
upgraded environment will allow the user greater ease in 
choosing among the various sectors to forecast and in 
aggregating results over these sectors for a well-managed series 
of runs and. output reports. A common interface is being 
developed for the service utilization (GSDM) and nursing 
requirements (NDBRFM) components. 



User Flexibility in Developing Alternate Scenarios 

The model forecasting computer software allows the users 
to conduct “what-if ’ inquiries. The user has the flexibility 
to extend the alternative scenarios to one or more 
forecasting variables, to one or more individual states, 
and/or to one or more future years. Consequently, all 
exogenous variables which are included in the model must 
be amenable to future forecast to the outer limits of the 
time period for which the model is to be applied, not just to 
be applied solely in the base year for which the calibration 
is undertaken. Currently, the forecasting package has been 
designed to accommodate forecasts to the year 2020 and all 
input variables in current applications must have baseline 
forecasts to the year 2020. 

As mentioned above, national forecasts are obtained 
through aggregation of State forecasts. To implement an 
alternate scenario for the whole country, the values of one 
or more input variables would need to be updated by the 
user for all States. For example, suppose that the user 
wants to forecast the impact that a new medical technology 
would have that would lower death rates by 20% in all 
States. Referring to Equation (2), for the short-term 
inpatient hospital RN subsector, the user can selectively 
vary one or more of the exogenous, input variables. In this 
example, the user could manually recalculate the death-rate 
default values downward by 20% for the years of 2006 to 
2020 in the input file. The user can estimate the net impact 
on staffing of the alternative scenario by performing two 
runs of the package — one using the default values and the 
other using the user’s modified scenario — and then 
compare the national totals from each run. 

Future Challenges, Research, Assessments, and Data 
Needs 

Modeling the dynamics of modes of health care delivery . 
There is a continuing need to model the changing structure 



and dynamics of managed care. It is not a one-dimensional 
phenomenon. Managed care takes on many flavors of 

structure and administration, with varying degrees of 
impacts on utilization and demand. 

Need for enhanced State-level data . In certain subsectors, 
there is a lack of State level data. This is true even for 
RN’s. As a result of this lack of reliable data uniformly 
available for all States, the previous models have defaulted 
to national average rates for the ambulatory, public health, 
and home health subsectors, among others. In several 
subsectors, there is no known source for actual nurse-to-service 
utilization ratios, as well as being based on reliable 
data for each State. This less-than-ideal condition reduces 
the robustness of the model to accommodate actual, unique 
variation in levels of service among the States. Proposed 
methods for improving model specificity and robustness 
include data mining measures, such as variance shrinkage 
estimators and other small area estimation techniques. 

Maximizing Model Utility and Reliability in Being Capable of 
Forecasting on Both the State and National Level . There are 
dual objectives of constructing forecasting models which are 
highly robust when applied for national projections, as well as 
when applied for individual State projections. The lack of 
available, rich sources of data has restricted such an approach. 
As a result of these past limitations, the national forecast 
estimates have been developed as summations of the individual 
State forecasts. Even at the State level, only one observation 
per State has been available for the base year calibration. 

For each of these challenges for research and data involving 
state modeling, national modeling, and the affects of managed 
care on the health care delivery system, the current 
enhancement work on the model has examined alternative 
approaches. Continuing research is desirable on alternatives for 
model improvements and the resulting reliability of both the 
State and national estimates from these alternatives. 
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FIGURE 1 

PROJECTIONS OF FTE SUPPLY AND DEMAND REQUIREMENTS FOR R.N.' 

Estimates as of December 31, 1995-2020 





Figure 2 



NDBRFM Health Care Service Sectors/Subsectors & 
Applicability to Each Nursing-Related Occupation 



Sectors & Subsectors 



Applicable Nursing 
Occupation 



Sector: Hospital 



1 . Short-Term Hospital Inpatient 

2. Short-Term Hospital Outpatient 


RN 


(non-ER) Dept 


RN 


3. Short-Term Hospital ER 


RN 


4 . Long-Term/Psych/Other Hospital 


RN 


Sector: Nursing Homes 


5. Nursing Homes 


RN 


6 . Board & Care Homes 


RN 


Sector: Ambulatory Non-Hospital 


7. Ambulatory Care (non-institutional) 


RN 


Sector: Public and Community Health 


8. Home Health Care 


RN 


9. Occupational Health Care 


RN 


10 . School Health 


RN 


1 1 . Public Health 


RN 


Sector: Education 


12. Nursing Education Programs 


RN 


Sector: Other 


13 . Other Nursing Employment 


RN 



LPN NA 



LPN NA 
LPN 



LPN NA 



This table lists the types of nursing occupations which have expectations of being used by employers in each of the sectors 
and subsectors shown above. Due to the unavailability of data, the utilization of nursing personnel cannot be quantified 
in a limited number of these sectors. 
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Figure 3 



COMPARISON BETWEEN PAST SIGNIFICANT EXOGENOUS VARIABLES AND 
PROPOSED SET OF EXOGENOUS VARIABLES FOR THE CURRENT CYCLE - 

FOR SHORT-TERM INPATIENT HOSPITAL DEMAND REGRESSION MODELS 



Dependent 

Variable 



Short-Term 
Hospital Inpatient 
Days per 1 , 000 
for <65 pop. 



Short-Term 
Hospital Inpatient 
Days per 1 , 000 
for >65 pop. 



Short-Term 
Hospital Inpatient 
RN’sper 1,000 
Bed Days 



Short-Term 
Hospital Inpatient 
RN’s per 1,000 
Bed Days 



Short-Term 
Hospital Inpatient 
RN’s per 1,000 
Bed Days 



Fast Exogenous Variables 



Proposed Exogenous Variables 



Actual/Expected deaths 


Actual/Expected deaths 


% Uninsured 


% Uninsured 


HMO Penetration 


HMO Penetration 
Per Capita Income 
Region 

% Population rural 


Actual/Expected deaths 


Actual/Expected deaths 


Per Capita Income 


HMO Penetration 


HMO Penetration 


Per Capita Income 
Region 

% Population rural 


NDBRFM Forecasts of RN’s per 1,000 Inpatient Bed Days 


% Covered by Medicaid 


% rural 


HMO Penetration 


Median Income 


Per Capita Long-Term Hospital 


Death rates 


Inpatient Days 


HMO Penetration 


Outpatient Visits per Capita 


Region 

% Covered by Medicaid 
% Covered by Medicare 



NDBRFM Forecasts of LPN’s per 1,000 Inpatient Bed Days 
National & State Ins. Coverage % rural 

HMO Penetration Median Income 

Per Capita Long-Term Hospital Death rates 

Inpatient Days HMO Penetration 

NA’s per 1,000 Short-Term 
Inpatient Days 

NDBRFM Forecasts of NA’s per 1,000 Inpatient Bed Days 
% of Short-Term Days for >65's % rural 

Actual/Expected deaths for <65's Median Income 

Death rates 
HMO Penetration 
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FORECASTING WORKFORCE SUPPLY: DENTAL PERSONNEL AND DENTISTS 



Stuart Berastem 
Bureau of Health Professions 



The Bureau of Health Professions, Health Resources 
and Services Administration, a component of the U.S. 
Public Health Service, has the principal federal 
responsibility for assessing the status of the nation’s 
supply of health personnel. While health manpower 
planning has been an important function of the Bureau 
and its predecessor agencies for many years, it was not 
until the passage of the Health Professions Educational 
Assistance Act of 1976 (PL 94-484), specifically 
section 708 of the Act, that the Secretary of the 
Department of Health and Human services was 
required to establish a program to collect, analyze and 
disseminate data on the status of health personnel. 
Section 708 also contained an important provision 
mandating periodic reports to the President and 
Congress. The reports served as an important source of 
information on the national level, for state and local 
governments, health professions educational 
institutions, and health professional associations. To 
date, a total of eight reports to the President and 
Congress on the Status of Health personnel have been 
published. 

The dental sections of the Reports contained 
information on the current status of dental personnel, 
trends in dentist supply, educational trends and 
estimates of future supply. Over the years, a clear 
distinction has been drawn between projecting supply 
and forecasting requirements for dentists. For dental 
requirements forecasting, the Bureau has used the 
Econometric Model of the Dental Sector which 
provided forecasts of dental employment and 
utilization using alternative economic scenarios. Supply 
projections have consisted of ranges of estimates 
reflecting the most likely levels of dentists over the 
projection period under alternative sets of assumptions. 
Such projections reflected the influence of rates of 
entry into the profession and retirement, separation and 
mortality rates on the stock of dentists. The supply 
model when compared with actual numbers of active 
dentists obtained from the American Dental 
Association has proven to be highly accurate. In a 
moment, I will delineate this level of accuracy of 
estimates and projections contained in the first eight 
reports to Congress. 

Basically, the Model starts with the base of active 
dentists from the American Dental Association. This 



Base is defined by gender and by age from 24 to age 
75. Each year, dental school graduates are added to the 
active pool of dentists, and a proportion of active 
dentists are separated out by individual age and gender. 
These separations are due to retirement and mortality. 
Such rates are obtained from the Bureau of Labor 
Statistics and the National Center for Health Statistics 
respectively and reflect the experience of white males 
and physicians as a proxy for dentists, which no 
specific data are available. Another component which 
the Model considers are lag factors. These factors relate 
to what proportion of dental school graduates go into 
active practice immediately after graduation or delay 
their entry by one or more years. The primary reason 
for this delay or lag is entry into dental residency 
programs. 

This supply forecasting model, with some minor 
variations, has been utilized in generating projections 
in eight reports to the president and Congress. The 
Model had been programmed for the NIH Computer 
System, but has recently been programmed to run on 
the PC utilizing Quattro Pro. During the period 
encompassed by the eight reports to Congress, the 
dental health sector experienced significant changes in 
the organization and financing of dental services, 
practice productivity, technology of dental treatment, 
disease patterns and levels of dental personnel. The 
differing assumptions underlying the projections over 
time have considered these changes. 

Because of the uncertainties about future first year 
enrollment data, the Bureau used three different 
projection levels for the supply of active dentists, a low 
or pessimistic level, a basic or more likely level, and a 
high or optimistic level. Each projection level was 
based on different assumptions about how many new 
graduates - estimated from first-year enrollment levels 
after accounting for student attrition - would enter the 
profession annually over the projection period. 
Assumptions on first-year enrollments were based upon 
economic and demographic factors that in the past had 
influenced the size of the applicant pools, dental school 
class sizes, first-year student trends, as well as other 
factors. Dental supply projections using the basic or 
most likely assumptions were used for the following 
retrospective analysis in which the projections of active 
dentists over time in the various reports to Congress 
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were compared with actual American Dental 
Association data. Such an analysis demonstrates the 
historical validity of the dentist supply projection 
model. 

ShgrLRange Erojectionsii980 and 1985 

The 1980 and 1985 projections have tracked veiy well. 
The 1980 projection of 126,240, published in 1978 and 
probably calculated in 1976 using a pre-1976 baseline 
figure, is virtually equal to the 126,200 actual. The 
range of 140,740 through 141,500 projections for 1985 
presented in the 1978 through 1986 Reports are 
excellent, with an actual of 140,700. 

Mid-R ^ ggJBcQjgotiQ hs ; 1 99 0 

The 1990 actual of 152,000 is an interpolation based on 
the ADA’s 1991 census figure. The 1978 through 1990 
projections range from 149,700 through 154,760. The 
three earliest projections-done in 1978, 1980 and 1982- 
-are about 2,000 dentists too high; the 1984 and 1986 
are closer-within 700 to 1,200; the most recent in 
1988-are about 2,000 too low. 

Long-Range Projections 

The Third Report was the first to include projections 
for years 1995 and 2000. Projections for the year 1995 
in these reports range from 152,000 to 157,000, 
extremely close to the 1995 ADA actual of 153,300. 

A new 1995 database of 153,300 active dentists has 
recently been entered into the Model. Utilizing this new 
database, a series of projections have been run using 
three different assumptions. A basic series assumes the 
continuation of average growth in first year enrollments 
observed between 1989 and 1997 of 1.03 annually to 
the year 2002 . The Model then assumes continuation 
of the 2002 level to the end of the projection period. A 
low series assumes maintenance of existing fist year 
enrollment from 1997 to the end of the projection 
period. A high series assumes a 1.3 percent annual 
increase of first year enrollment from 1998 to 2007. 
This assumption reflects the annual increase in dental 
enrollment only during the most recent years. The 
following results of the updated projections are using 
only the basic series. In this series, the numbers of 
active dentists are projected to increase from 153,300 
in 1995 to 160,500 in the year 2000 and to 170,500 in 
the year 2010. A further increase to 171,700 in 2015 is 
projected; however there will be a decline in the 
number to 170,100 by the year 2020. This decline is 



due to the fact that an insufficient number of new 
dentists are expected to enter the active pool to balance 
the number of dentists leaving the profession by that 
year. The ratio of active dentists to 100,000 population 
is projected to decline beginning at the turn of the 
century. This ratio will decline from 58.4 in the year 
2000 to 57.3 in 2010 and further decline to 52.7 in 
2020, a difference of more than 10 percent from the 
1995 level. 

Summary of Future Directions 

A number of critical activities are now ongoing to 
improve the accuracy of forecasts of dentists. The 
Model was recently reprogrammed to allow for 
separate entry of foreign trained dentists coming into 
the United States. Data will be forthcoming from the 
American Dental Association which will provide input 
on the behavior of these students as to whether they 
remain in the US for practice. Other data forthcoming 
will permit us to improve the accuracy of lag factors in 
the model by providing information on residency 
patterns. 

However, the most critical information needed for the 
Model relates to the behavior of young female dentists. 
The numbers of women in dentistry have been 
increasing substantially as more than a third of 
enrollees are now female. New data are needed to 
permit us to incorporate the impact of increased 
proportion of women on workforce patterns. Such data 
will permit us to determine full time equivalencies for 
active dentists which will be particularly important if it 
is found that women dentists work fewer hours than 
their male counterparts. Another area in which input 
rates need to be modified is mortality rates. Such rates 
need to be updated to be gender specific. In addition, if 
the model is to forecast by race/ethnicity, mortality and 
retirement rates need to be developed by race/ethnic 
status. Similarly, retirements patterns of active dentists 
need to be better incorporated into the Model. This is 
particularly critical in relation to the increasing number 
of younger female dentists. The model needs to 
incorporate data on temporary movement out of the 
active pool which will become more relevant as women 
dentists take on work patterns demonstrated in other 
professions. 
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Providmg Timely Farm Price Forecasts; Using Wheat Futures Prices To Forecast U.S. 

Wheat Prices at the Farm Level 



Linwood A. Hoffman, U.S. Department of Agriculture, Economic Research Service and Joseph Balagtas, University of 
California, Davis 



Introduction 

Information regarding wheat prices is critical to market 
participants making production and marketing decisions, in 
part, to manage price risk. Market information is also 
important to policy analysts who have to assess the impacts of 
domestic and international events upon wheat farm prices. 
Price information has become even more important partly 
because of changes in U.S. agricultural policy. Passage of The 
Federal Agriculture Improvement and Reform Act of 1996 
(1996 Farm Act) continues the sector’s trend toward market 
orientation and transfers risk from the government to the 
private sector. 

The U.S. Department of Agriculture analyzes agricultural 
commodity markets on a monthly basis and publishes current 
year market information, including price projections (except 
cotton). Due to policy changes and an increased desire to 
manage price and income risks, the need for reliable price 
projection models is paramount. Although USDA revised 
several quantitative price forecasting models to account for 
changes in policy (Westcott and Hoffman; Childs and 
Westcott; and Meyer), other procedures that use futures prices 
also offer opportunities for commodity price forecasting 
(Hoffman). 

Futures prices are determined by the interaction of the 
expected supply and demand for a commodity. They are 
considered a composite indicator of expected supply and use 
and thus can be used to forecast short-run farm prices 
(Danthine; Gardner; Peck; and Rausser and Just). Hedgers 
and speculators evaluate a number of factors, including, but 
not limited to planting intentions, weather, production 
forecasts, government policies, and the potential for domestic 
or export consumption. Hedgers deal with the actual 
commodity, as well as with futures contracts. Frequently, 
speculators have no direct connection to the cash commodity, 
but expect to profit from changes in futures prices. 

In a recent article, Tomek has summarized the literature on the 
use of futures prices as a price level forecast. He states that, 
“futures prices can be viewed as forecasts of maturity-month 
prices and the evidence suggests that it is difficult for 



structural or time-series econometric models to improve on 
forecasts futures markets provide.” However, he mentions 
that accuracy of a futures forecast can decline rapidly for 
forecasts made more than three or four months in advance. 
The reason for such a situation is the availability of 
information, which can change significantly over time, 
thereby changing price forecasts. Consequently, the 
development of accurate price forecasts is a challenge 
especially for a more distant time. Thus, even if a futures 
price is an unbiased forecast, a large variance of forecast 
error may occur. 

The question then becomes how can we convert the 
information present in futures prices into useful specific 
cash price forecasts — particularly for a crop year or other 
designated time period. Most market participants 
understand that current futures prices provide important 
information about cash prices on future dates. However, 
these participants need to be able to forecast a cash price 
at a location and time when they plan to buy or sell. Thus, 
they need to predict the basis, which is the difference 
between the local cash price and the observed futures 
price. Similarly, policy analysts and commodity 
forecasters who are forecasting the U.S. season-average 
price need to be able to predict the monthly basis between 
the national producer cash price and nearby futures price. 
Monthly U.S. cash price forecasts are then weighted and 
summed into a season-average price forecast. 

The objective of this paper is to construct a model that uses 
futures prices to provide timely and reliable forecasts of 
season-average prices received by farmers throughout the 
crop year. Wheat futures prices are used to forecast the 
season-average price received by farmers for U.S. wheat. 
Forecasts are presented for crop years 1986 through 1999 
along with a forecast accuracy test. A comparison of the 
futures model price forecast is made with the mid-point of 
USDA’s monthly price projection released in World 
Agricultural Supply and Demand Estimates (WASDE). 
The effects that different bases or marketing weights have 
upon the price forecasts are analyzed. 
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Forecast Framework 

This section explains the forecasting model and its various 
components such as futures prices, basis, and marketing 
weights. Next, the sequential steps taken to provide futures 
forecasts are outlined and explained. 

A season-average wheat price forecast is computed from five 
futures price contracts traded throughout the crop year. The 
forecast period covers 13 months, beginning in May, one 
month before the crop year begins and concludes the 
following May, the last month of the crop year. Initially, each 
month’s forecast is based on a futures price and a weighted 
season-average price forecast is derived. Then, if an actual 
cash price exists for the month, it is used instead of the 
forecast. Consequently, the season-average price would then 
be a composite of actual and forecasted prices. As we move 
closer to the end of the marketing year there are more months 
with actual cash prices and fewer months with forecasted 
prices. Thus, the forecast error of the season-average price 
will decline as we move closer to the end of the crop year. 

Forecast Model 



The forecast of the weighted season-average farm price (SAP) 
is computed as: 

SAP m = £ W, P, + £ W, (F mt + B.) 

I ■ / / = m 

where; 

SAP m - forecast of the season average price 
made in month m. 

W i - weight for month i. 

P i - actual price in month i. 

F m * = observed price in month m for futures 
that matures in month k. 

B/* = expected basis, which is equal to cash 
price in month i minus futures price in 
month i that matures in month k. This 
basis is usually a negative number. 

m = 0, 1, 2, 12, month during which 

forecast is made. 



i = month forecasted. 

k = first futures maturing after month 
forecasted. 



Basis 

The difference between a cash price at a specific location 
and the price of the nearby futures contract is known as the 
basis. The basis tends to be more stable or predictable than 
either the cash price or futures price. Several factors affect 
the basis and help explain why the basis varies from one 
location to another. Some specific factors include: local 
supply and demand conditions for the commodity and its 
substitutes, transportation and handling charges, 
transportation bottlenecks, availability of storage space, 
storage costs, conditioning capacities, and market 
expectations. The basis computed for this analysis reflects 
a composite of these factors because it represents an 
average of U.S. conditions. 

The basis used in this study is the arithmetic difference 
between the monthly U.S. average cash wheat price 
received by producers, for example in June, and a monthly 
average of the nearby futures settlement prices observed 
during June. For example, the June basis is the difference 
between the June-average cash price received by producers 
and June’s average settlement price of the July futures 
contract. A 5-year moving average basis is used in this 
analysis to provide a representative basis. The basis is 
updated at the end of each crop year. 

The effects of a different basis estimate on price forecasts 
are analyzed. A recent crop year, 1996/97, was selected 
to perform this analysis. It was selected because it had a 
large forecast error, relative to other crop years, that 
occurred in a year of declining prices. Would a more 
accurate basis estimate reduce this forecast error? The 
revised basis pattern, an average of bases for crop years 
1989 and 1991, uses a basis that is similar to the observed 
pattern in the beginning of the 1996/97 crop year. 

Exploring alternative basis forecasting methods could 
improve futures price forecasts. For example, Jiang and 
Hayenga found that a 3- year average basis model that 
included market information and a seasonal ARIMA basis 
model provided a better basis forecast than a simple 3 -year 
average basis model. Tomek discusses two types of basis 
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forecasting models. The first one relates to bases involved 
with inventories carried into the next year and the second one 
relates to bases involved with intrayear inventories. 

Monthly Weights 

Monthly marketings are used to construct the weighted 
season-average price. Each month’s weight represents the 
proportion of the year's crop marketed in that month. A 5- 
year moving average of these monthly weights is constructed 
and is updated annually after the release of USDA’s December 
issue of Crop Production. Beginning in 1998 the marketing 
weights are published in the September Agricultural Prices 
report. The monthly prices, actual or forecast, are multiplied 
by each month's corresponding weight. 

If the analyst has better information than a 5-year average, this 
data should be used. Perfect knowledge of marketing weights 
will be assumed as an alternative to assess these effects on the 
price forecast. 



Data 

Historical daily settlement prices are obtained from the 
Commodity Futures Trading Commission for each contract 
traded on the Kansas City Board of Trade for crop years 1981 
through 1994. Futures prices for more recent years were 
obtained from Technical Tools Inc. Cash prices are from 
Agricultural Prices, published by USDA’s National 
Agricultural Statistics Service. U. S. Department of 

Agriculture price projections are from World Supply and 
Demand Estimates, published by USDA’s World Agricultural 
Outlook Board. Weights for monthly marketings are from 
various issues of USDA’s December Crop Production. 
Beginning in 1998, monthly marketing weights are published 
in the September issue of Agricultural Prices. 



Procedure 

Table 1 illustrates the method used in forecasting the season- 
average wheat price for the crop year 1999/2000. This 
method produces a forecast of the season-average price based 
on futures settlement prices. The procedure can be used daily, 
weekly, monthly or any other frequency to forecast the 
season-average price. The forecast frequency for this analysis 
is weekly. The futures settlement price as observed on each 



Thursday is used for each of the nearby contracts. 1 
Eight steps are involved in the forecast process: 

1. The latest available futures settlement prices (line 1) 
are gathered for the contracts that are trading. Settlement 
prices for Thursday, June 17, 1999, are used for 
illustration (line 1). Futures quotes are used for July, 
September, December 1999 and March, May, and July 
2000 contract settlement prices. 

2. Monthly futures prices are the settlement prices of the 
nearby contracts. For example, the futures price for June 
1999 (line 2) represents the June 17 settlement price of 
the July 1999 contract. The nearby (September) contract 
price will be used for July and August. During months 
which a futures contract matures, the next contract month 
is used because of greater stability. Futures contracts are 
affected by a decline in liquidity during the month of 
maturity. Also, a contract usually closes about the third 
week of the month, and using the current futures contract 
would lower the number of observations that could be 
used to calculate the average monthly closing price. 

3. A 5-year moving average basis (monthly cash price 
minus the nearby futures price) is entered on (line 3) from 
the model’s spreadsheet. This average is updated during 
the first week of July, a time when the May cash price 
becomes available. 

4. A forecast of the monthly average farm price (line 4) 
is computed by adding the basis (line 3) to the monthly 
futures price (line 2). 

5. The actual monthly average farm price is entered on 
line 5 as it becomes available. Since monthly cash prices 
are unavailable, this line remains blank until July when a 
mid-month June price can be used. This mid-month 
price is updated in August when the June cash price can 
be replaced with a entire month price and then a mid- 
month cash price is used for July, etc. 

6. The actual and forecast farm prices are spliced 
together in line 6. For the present marketing year, 1999- 
2000, there are no actual monthly prices available and so 
all 12 monthly prices are forecasts (from line 4). 

7. The monthly percentage of wheat marketings by 
producers is entered on line 7 from the model’s 
spreadsheet. A 5-year moving average is used and is 
updated in early January after the release of the December 
Crop Production report for the years 1981 through 1997. 



1 Thursday is picked because there are fewer holidays md no 
beginning and/or end of week surprises. 



lo2 
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